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STALLARD OPERATING SPECTACLES 




















These Operating Spectacles, designed by Mr. H. B. Stallard, 
F.R.C.S., were the subject of an article by him in the British 
Journal of Ophthalmology, October, 1950. They present the 
following advantages :— 

(1) When the extension carrying the lenses is swung upwards 
in front of the forehead, there is no obstruction below or to 
the sides of the operator’s field of view. (2) The lenses, 
being placed well in front of the operator’s nose and the plane 


of his mask, never become steamed over. - ~ 
(3) The spectacles are very light and Peep ae 
comfortable, exerting the minimum of i icpensinc OPTICIANS 
pressure on the nose and ears. (4) They 15 WIGMORE STREET 
can be folded flat into a small space. ONDONMWL 
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COMMUNICATIONS 
NOTES ON OPHTHALMOLOGICAL PRACTICE IN LUND*t+ 


BY 


SVEN LARSSON 
Lund, Sweden 


LAsT autumn when I was asked to address the Ophthalmological Section of 
the Royal Society of Medicine I was rather doubtful whether I should be 
able to present any really new research work. We have to do our research 
alongside strenuous routine work and I do not think that we shall be able 
to assert ourselves in this field until we have whole-time researchers attached 
to the clinic. I have therefore decided to talk about a few clinical problems, 
to which we have directed special attention during the last few years. 


CATARACT EXTRACTION.—I cannot resist the temptation to dwell first on 
the operation for cataract, which is, and probably always will be, the oper- 
ation in ophthalmology. The subject is just as fascinating to the ophthal- 
mologist as the role of Hamlet to the actor. Every surgeon views the subject 
from his own angle and there are no two clinics that I have seen, where the 
operation is done by exactly the same technique. A few years ago we in 
Lund began to adopt an intracapsular operative method, which closely 
resembles that introduced by the Baltimore school. 

I would, however, point out that the old extracapsular operation should 
not yet be rejected or regarded as old-fashioned; on the contrary, it is 
simpler and involves fewer risks. It seems contradictory to say that one 
method is more difficult than another and to claim at the same time that the 
attendant risks are not larger. Anyone who has taught young ophthalmol- 
ogists how to operate for cataract will be able to confirm this. The intra- 
capsular method is not an easy one for beginners. The question is whether 
less trained or less skilled surgeons should not be dissuaded from using it. 
Although I have regularly operated intracapsularly during recent years, 
I must agree with Ridley (1952), whose boldness cannot be questioned when 
it comes to trying new surgical methods, when he admits point blank the 
advantages of the extracapsular methods. On the other hand, I cannot 
agree with Knapp (1947), when he says at the end of his interesting report 
on the present status of the intracapsular cataract operation: 

If you can establish a safe method of intracapsular cataract extraction, you will equal 
Daviel’s contribution to humanity. 

In my opinion, the intracapsular operation for cataract marks no such 
revolutionary advance, though I readily admit its advantages when performed 
by well-trained and experienced surgeons. 





, * Received for publication October 24, 1952. 
+ Paper read to the Royal Society of Medicine in June, 1952. 


257 








258 SVEN LARSSON 


The main disadvantage of extracapsular operation seems to me to be that 
we cannot predict whether or not soft cataract matter will persist in a given 
case. If the occurrence of such residual matter could be obviated with cert- 
ainty, I think that many would still prefer the extracapsular method. 

The intracapsular method is technically difficult and in certain respects 
involves greater risks. The larger incision and the corneoscleral suture, 
so invaluable in intracapsular surgery, require still greater aseptic pre- 
cautions, because the application of the stitches undeniably and unavoidably 
increases the possibility of infection. The larger incision with its increased 
disturbance of the circulation and resultant poor blood supply to the resected 
corneal graft increases this risk still more. 

The Baltimore school claim that the intracapsular method is not more 
risky as regards detachment than the extracapsular method, but anyone who 
sees the tremulous iris and the anteriorly often ill-defined vitreous body must 
fear this complication. 

The extraordinary importance of surgically aseptic conditions is evident. 
We have recently made regular bacteriological examinations in all cases of 
cataract. Table I shows that pathogenic bacterial growth was found in a 
number of cases, even though the conjunctivae showed no signs of inflam- 
mation in 24 per cent. 


TABLE I 
CULTURES BEFORE OPERATION FOR CATARACT IN 597 CASES 





Bacteria 





| | 
Apathogenic | Pathogenic Total 
144 | 85 | 229 
33 


Staphylococcus albus... 





Staphylococcus aureus 





| 
| 
| 


Streptococcus 
(a) « ie 
(b) B see 


(c) viridans an 





Pneumococcus 
(a) type 3 ... 
(b) type 15 ... 


Enterococcus ... 





| 
4 
| 








Bacillus xerosis 





Bacterium coli... 





Proteus vulgaris 





Sarcina 





Gaffyka tetragena..... i at (1) 





Sterile ... ae see wee | mn 





Total ... int a6 al 143 (24 per cent.) 








OPHTHALMOLOGICAL PRACTICE IN LUND 259 


After repeated treatment with sulphonamides or penicillin the bacterial 
growth disappeared, but even so we have had three cases of infection 
(Table Il). 

TABLE II 
THREE CASES OF INFECTION IN 830 CATARACT EXTRACTIONS 





Diagnosis | Culture Operation | Infection | Culture { Result Comment 





Cat. senilis | Pneumococcus | Combined | 1 | — 


type 15 | extracap- | 
| sular ex- | 
| traction 


Evisceration 


1 
after 8 days 


| 
2 Cat. senilis | Apathogenic | Combined | | 1. 2. 3.=Ps. | Phthisis bulbi| The last eye. 
| +  Dia-| staphylo- | intracap- pyocyaneus | The other eye 
| betes coccus | sular ex- | - | embolism of 
| | traction | | the centr. ar- 
| | | | a 
3 | Cat. senilis | | Combined | Evisceration | Culture from 


+ Dia-; extracap- after 16 ; other eye 
betes | sular ex- | days | showed patho- 
| 





ase | Pre-operative Days after | Post-operative | 
| 
} 
| 











traction genic staphy- 
| | | lococcus 
| ! 





(1) One case, which I still have on my conscience, illustrates the value of bacteriological 
examination. The patient was a 69-year-old woman in whom the conjunctiva showed no 
signs of inflammation. For some personal reason or other I operated without waiting for 
the bacteriologist’s report, and the third day after operation the wound showed an ugly 
inflammation which resulted in the loss of the eye. Too late we learned from the bacteri- 
ologist that the specimen taken from the conjunctiva one day before the operation con- 
tained pneumococci. Since then I have never operated without first receiving the 
bacteriologist’s report. The second eye was operated on with success. 

(2) Another case of infection, in which I think the sutures were the cause of the trouble, 
was that of a one-eyed 65-year-old woman. Clinical and bacteriological examination 
had revealed no signs of infection, and the eye had been couched intracapsularly without 
complications. On the third day after the operation, purulent discharge appeared 
round the stitches. Sulphonamides and antibiotics failed to arrest the infection, and bacteri- 
ological examination revealed infection with Ps. pyocyaneus. The only explanation we 
could find was that the micro-organisms had found their way to the eye by the sutures 
when they were passed through the skin, where pyocyaneus is sometimes present in other- 
wise healthy persons. Despite intensive medication we could not stop the damage 
and the eye was lost. 

(3) The third case was that of a 75-year-old woman with diabetes. No bacteriological 
test was carried out and the eye was lost because of infection. 


Even though these losses amounted to no more than three out of 830 
operations, the fact that there is still a certain risk of infection must be 
borne in mind. 

In the intracapsular method the pressure exerted by the muscles on the 
eyeball should be eliminated and the intra-ocular pressure should, when 
possible, be reduced. Akinesia should, of course, be carefully induced over 
the facial nerve; we make it both over the orbital margin and also in front of 
the external auditory meatus. (According to Paufique, 1952, a 96 per cent. 
solution of alcohol, 2 ml. for every 10 ml. novocain, increases the effect). 
Retrobulbar injection of novocain or the like with adrenaline has an analgesic 
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effect and also decreases the power of the muscles to exert pressure against the 
eyeball, while the adrenaline reduces the intra-ocular pressure. An addition 
of hyaluronidase may be of value. Sometimes, but only rarely, the injection 
produces an increase instead of a decrease in the intra-ocular pressure. 
Nowadays I usually measure the pressure tonometrically 5 minutes after the 
injection, i.e., immediately before the operation, since experience has taught 
me that it is risky to operate, particularly intracapsularly, if the intra-ocular 
pressure is even slightly increased. 


HyYPERMATURE CATARACT is a type that has interested me very much, and 
one which we have seen fairly often at the clinic. This may be due to the 
fact that eye clinics in Sweden were formerly few and far between, and also 
to the mental make-up of the Swedes, in that many old people prefer putting- 
up with impaired vision to submitting to an operation. 

It has long been known that this type of cataract, which has become 
increasingly rare and is now looked upon as a curiosity, can lead to compli- 
cations. Of particular interest in this connection is acute glaucoma, often 
found in association with a more or less severe exudative iritis, and some- 
times with hypopyon. These cases have sometimes been conceived as 
“‘ panophthalmitis ” with a secondary increase in intra-ocular pressure, 
but the cause of the clinical picture is still obscure. Knapp (1947) suggested 
that it was due to mechanical injury. Gifford (1927) suggested a chemical 
or toxic irritation in certain cases and occlusion of the angle of the chamber 
by cataract matter when the capsule ruptured. The idea of toxic action on 
the substance of the lenses is old; it was believed that the effect was due to 
amino-acids on autolysis of certain components of the lens. Verhoeff and 
Lemoine (1922) conceived the condition as phako-anaphylactic or phako- 
allergic endophthalmitis, which they thought to be due to hypersensitivity 
of the lens-substance. 

Duke-Elder (1940) is of the opinion that the increased intra-ocular pressure 
is probably ascribable to neurovascular reflexes elicited by irritating com- 
ponents of the lenses. That the matter of hypermature cataract may be able 
to cause such reflexes is suggested by the work of Friedenwald (1930) who 
showed that the permeability of the capsule of the lens is increased in 
cataract. Strangely enough, these cases have received but little attention in 
the standard manuals of ophthalmology. 

We have seen as many as ten cases at the clinic in the last 4 years (Table III, 
opposite). As to treatment there is little agreement. Rychener (1950) 
urges early operation by the intracapsular method, but if the capsule cannot 
be caught, the operation should be done by the method of Smith or with 
the erisophake. If the capsule ruptures, the nucleus of the lens can be 
removed and the rest of the capsule washed out with an irrigator. 

I recommend early operation, particularly in order to overcome the 
secondary glaucoma, which is usually the only way to control intra-ocular 
pressure. Of course, we first try for some hours to lower the intra-ocular 
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TABLE {lll 
HYPERMATURE CATARACT WITH IRITIS AND/OR SECONDARY GLAUCOMA 





| | Result 
Case No. Vision Tension Cornea Operation 





Vision Tension 





Perception 40 cloudy Extracapsular 0, 7 
of Light extraction 





Perception cloudy Extracapsular 
of Light extraction 





Perception cloudy Extracapsular normal 
of Light extraction 


Perception cloudy Extracapsular sub-normal 
of Light | extraction } 




















Extracapsular normal 
extraction 





Perception | clear 
of Light } 





Extracapsular normal 


Perception | | clear f 
extraction 


of Light 


| 
| 
| 
| 
Perception | clear | Intracapsular | i. normal 








of Light extraction 


1/60 | cloudy 





Intracapsular | normal 
extraction 





Perception clear | | Intracapsular | , normal 
of Light | extraction | 








Intracapsular 


Perception | (cloudy) 
extraction 


of Light 





| 
| 
| 
| 
| 





tension with antiglaucomatous remedies. In operating, I generally proceed 
as follows: 

If the capsule is definitely or very probably ruptured I make a small incision with the 
lancet, and then rinse or aspirate any remains of the cataract matter. The nucleus is 
often so small that the short incision is sufficient to permit its removal. Otherwise the 
incision is extended as much as may be necessary to extract the nucleus. 

If the lens is probably intact I do an intracapsular extraction, but the large incision 
involves.a certain risk if the intra-ocular pressure is high and cannot be reduced. Corneo- 
scleral sutures should be used. 

If it is difficult to decide whether or not the capsule is intact, I prefer the first method. 


BONE-FREE RADIOGRAPHY.—This method is so useful in the removal of non- 
magnetic or only slightly magnetic foreign bodies from the eye that its value 
should be more widely known. We all know the description of bone-free 
radiography by Vogt (1921), which, however, permits inspection only of the 
anterior of the eye. Franceschetti (1934) was the first to use an operative 
radiography of the eyeball; but his pictures hardly suggested that the bulb 
could be exposed sufficiently for technically satisfactory bone-free radiography. 

The method we use is roughly as follows: 

Canthotomy is done and the half of the conjunctiva, from 12 to 6 o’clock, is detached 
at the limbus. After temporary resection of one or more of the straight eye muscles, 
as circumstances may require, sutures are fastened in the margin of the fascia of Tenon, 
further and further back so that the fascia can be distended and the bulb thereby displaced 
anteriorly. It is surprising how much of the eye then becomes available for radiography. 
It is the same method as I use in detachment operations when it is necessary to do diathermy 
over a hole located far back in the retina. A piece of film (Agfa) in a rubber sleeve moist- 
ened with saline, is introduced epibulbarly and as far back as possible, often right back to 
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the posterior pole of the bulb. The exposure is made with the x-ray tube at right angles to 
the film. The eyeball can thus be observed right back to the posterior pole (Figs 1 and 2). 


Fic. 1.—Bone-free radiograph ac- pina army bone-free radio- 
cording to Vogt. graph. Two indicators: a metal 
ad . thread is drawn through the tendon 
to the divided rectus internus; 


This method is particularly valuable for 6 mm. nasal to the limbus, a 


the detection and removal of foreign bodies  Sroken-off needle-tip is seen in the 


that cannot be removed by ordinary techni- The film is inserted in the nasal 


: margin of the orbit, with the eyeball 
gues. If an ordinary scout film can reveal well abducted, and the rays in the 


any foreign body, it is possible by the usual naso-temporal direction. A few 
methods to locate its approximate Position. pasa wenger d be hg agp 
The film must be placed as close as possible small, slightly opaque metal frag- 
to that part of the eyeball where the foreign oament atekiaie fy te go: poll 
body is suspected. entry marked by points. 

One or more indicators (we use broken-off 
tips of fine needles) are inserted in the sclera at the desired position. It is 
recommended to have them at right angles in order to facilitate recognition 
on the films. Radiographs are also made at right angles to one another.- 

The film shows whether the foreign body is located near any of the needles. 
If not, new indicators are inserted until new radiographs have shown that 
the foreign body is close to them. Recently we also inserted a Pischel 
needle through a diathermized spot; this gives a better idea of the depth of 
the foreign body. After the foreign body has been accurately located the 
sclera is surface-diathermized and an incision is made unti) the choroid is 
exposed. The foreign body is then often visible in the gaping wound. It is 
easier to detect the foreign body if the eyeball is transilluminated: the shadow 
of the foreign body is then seen in the wound. (Figs 3 and 4, opposite). 

We have used this method in 36 cases of non-magnetic foreign bodies or 
foreign bodies that could not otherwise be removed (Table [V, opposite). 

Behrmann’s locator was found not effective with such small foreign bodies 
as those occurring in the eye. As far as I know, this is the most reliable way 
of removing non-magnetic foreign bodies, and it is also useful for removing 
iron foreign bodies that have been in the eye for some time, so that they have 
begun to rust, to lose their magnetism, and to become adherent to the scar 
tissue. I would even go so far as to say that it is unwise to try to extract 
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Fic. 3.—Radiographs (natural size) of surgically Fic. 4.—The indicators are now immediately 
exposed eyeball taken at right angles to one adjacent to the iron fragment. After a small 
another. Indicators fastened in the sclera were incision of the sclera the fragment may be 
found to be more than 5 mm. from the iron readily removed with the aid of a magnet. 
fragment. With the guidance of these radio- 
graphs the indicators were moved. 

TABLE IV 


THIRTY-SIX CASES OF INTRA-OCULAR FOREIGN BODIES LOCATED BY 
OPERATIVE BONE-FREE RADIOGRAPHY 





Foreign Bodies ] 
Located and 


Not 


) Number 
Extracted 


Foreign Bodies im Cases Resultant Vision 





Extracted ) | 
| 


{ / 

Iron, not -removable | 26 | 19 J, V=1 
by ordinary methods 5, V=90, 2 
[ 7, h 

| 


and sae or less | 
| 


Other metals ... ys) 10 3,V 

| 1, V= ‘seaion of light 
2, cataract not operated 

) on, later enucleated 





See ~| 36 | 25 | 25 il 





even magnetic foreign bodies without first locating them exactly. 


For example, in one case we located an iron foreign body but did not insert the locators 
Close enough. I relied on the belief that a magnet introduced through the wound would 


extract the iron foreign body, but the operation failed, and later the eye was enucleated. 
Hardly one millimetre from the wound incision in the sclera lay the foreign body surrounded 


by a little exudate and scar tissue. It was still magnetic, and if it had been located with 
greater accuracy, I am sure I could have removed it successfully. 


RapDio THERAPY.—Technical advances have increased our interest in the 
radiological treatment of certain eye diseases. Inspired by the work of 
Guyton and Reese (1948) and Iliff (1951) and in collaboration with the 
radiological clinic (Dr. Ebenius), we approached the treatment of certain 
eye diseases from a new angle. This applies in particular to vernal con- 
junctivitis, Eales’s disease, and diabetic retinopathy. 

The value of radiological therapy in vernal conjunctivitis was stressed by 
Kumer and Sallmann (1929) and has since been confirmed by a number of 
Other workers. In the treatment of vernal conjunctivitis we first used only 
beta-radiation by Iliff’s method, but on account of objections raised by our 
radiologists we have now to a certain extent dropped it. 
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The Burnam applicator used by Iliff consists of a glass bulb containing radon, a product 
liberated on disintegration of radium. The bulb has a window 4 mm. in diameter. 

The American method of measuring the dose in gram-seconds has proved valueless, 
chiefly because the wall of the glass bulb serving as a filter varies considerably in thickness. 
According to our radio-physicists this variation is sometimes as much as 100 per cent. 
Our measurements are based on biological comparisons between the effect (in the form 
of the skin reaction) of surface contact radio therapy and radon treatment. Radon does 
not emit only beta rays, but gamma rays are also soon emitted. At Lund, investigation 
of the amount of gamma-radiation showed that these rays expose the radiologist to 
unnecessary risk. The small aperture of the Burnham applicator makes it necessary to 
move the instrument from one place to another when treating large fields, which involves 
the risks of overlapping and lack of uniformity. Finally, the effect of beta-radiation 
is too superficial for massive excrescences. 

We therefore use contact x-ray therapy in selected cases. It is thus possible to obtain 
a more uniform radiation of a larger area, and more accurate doses may be given. Contact 
surface x-ray therapy also produces a deeper effect, which is particularly useful in severely 
hypertrophic conjunctivae, but is not desirable in the treatment of corneal and limbal 
changes, where beta-radiation with radon is preferable. 

When we use radon the applicator is shifted over the entire surface to be treated. Treat- 
ment is given at 2-week intervals for 6-12 weeks. The total surface-dose per treatment 
varies between 4,000 and 5,000r. Only in exceptional cases do we use larger doses. 

Contact x-ray therapy is given with a Philips apparatus at a distance of 4 cm., 2,000r 
being delivered at every application. The maximum single dose is 7,000r. The eyeball 
is protected by a lead screen. In treating tarsal changes x-ray contact therapy gives 
better results. 

We have treated altogether eleven cases of vernal conjunctivitis. Seven 
patients made a complete recovery and the rest were given considerable relief. 
Recovery was said to be complete if the patients were symptom-free, the 
characteristic tarsal changes had disappeared, and the conjunctivae had 
become pale, smooth, even, and without secretion. Now and then small 
telangiectases were seen. The patients were followed-up for 2 to 8 years. 
One remarkable case is described below. 


AOU 

A 48-year-old woman had a 12 years’ history. The disease was practically unilateral. 
In addition to the characteristic but not advanced changes of the tarsus, there was a 
tumour-like formation in the limbus. This formation gradually increased in size. 
Histological examination showed hyperplasia of the stroma, increased connective tissue, 
and numerous round cells and eosinophilic cells: a typical allergic reaction of the tissue. 
The picture thus coincided with that of vernal conjunctivitis. The patient was treated 
with x-ray contact radiation in 1944 and 1945, 8,000r on the interior surface of the upper 
eyelid, and in 1950 she received 8,000r radon radiation of the cornea. The tumour dis- 
appeared completely, and the cornea showed only a vascularized macula. Visual acuity 
improved from counting fingers at 2m. to 4/10 (Fig. 5). 

The results we have obtained will be obvious from coloured illustrations 


of a few cases (Colour Plate 1-5, opposite). 


CoLouR PLATE 1 (a and b).—Left eye, vernal conjunctivitis treated with x-ray contact 

radiation 5,000r/8 weeks. 

2 (a and b).—Same patient, right eye, radon treatment 7,500r/10 weeks. 

3 (a and b).—Vernal conjunctivitis, x-ray contact radiation 5,000r/7 weeks, 
and 2,000r 4 months later. 

4 (a and 5).—Vernal conjunctivitis, x-ray contact radiation 4,000r/7 weeks. 

5 (a and 5).—Vernal conjunctivitis with tumour-shaped corneal lesion treated 
with radon 8,000r/6 months. 
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ORBITAL IMPLANTS.—For the last 30 years I have been trying different kinds 
of orbital implants in the hope of getting a better bed for the artificial eye. 
The best material we have so far found for this purpose is tantalum. We use 
a very simple type of implant: a ball 12 mm. in diameter, weighing 1-7g., 
and perforated with many holes (Fig. 5). The straight eye muscles are 
fastened into the holes and the entire ball is carefully covered with the fascia of 
Tenon. The fascia and the conjunc- 
tiva are then sutured. The patient 
generally receives penicillin post- 
operatively for a few days. We have 
used the method mostly for children 
and younger patients. We are not 
quite satisfied with it, because, as with 
other types, the implant is lost in four 
cases out of eleven. This may, how- 
ever, be due to the fact that in the 
beginning we did not sufficiently cover 
the implant with fascia of Tenon, 
which is absolutely necessary if the 
operation.is to be successful. I agree 
entirely with Choyce (1952) who 
stressed how necessary it is to bury _ Fic. 5.—Tantalum implant, 12 mm. diameter. 
the implants. 





RETINAL DETACHMENT.—I have only changed a few details in my operative 
method for detachment of the retina since I first described the technique in 
1930. I still use diathermy, or rather endothermy with a ball electrode of 
exactly the same type as before. In the location of the hole I use the needles 
recommended by Pischel. A varying number of these needles are inserted 
trans-sclerally in the suspected area of the hole before the commencement 
of surface diathermy treatment. These needles, which are mounted in a 
special holder, are then charged with the electric current. It is almost 
always possible to recognize the inserted needles by indirect ophthalmoscopy. 
After having located the hole in this manner, surface diathermy is done. 
This is generally limited to an area corresponding to the retinal hole and its 
immediate surroundings, and the strength of the current is adjusted by trial 
being gradually increased until the sclera shows a slightly grey, discoloured 
spot and an obvious slight flattening, like a contraction of the scleral surface. 
Nowadays the subretinal fluid is no longer drained by means of scleral 
trephining but by punctures made with a diathermy needle behind the hole 
in the retina and at the site where the detachment is most prominent. Like 
Pischel, I now aspirate the subretinal fluid with the aid of a small sucker with 
the suction cup, placed over a diathermized perforation. Only if the de- 
tachment is very high and will not respond to rest in bed do I inject air into 
the vitreous body. 
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In cases where the retinopathy is very limited, the limitation of the endo- 
thermy to the immediate surroundings of the retinal hole has certain advan- 
tages. On the other hand, it must be remembered that sometimes a fairly 
large area of the retina, or even the whole, may be involved. In such cases, 
limited endothermy may be less successful, because recurrences are likely 
to appear at the sites of the adhesions produced by endothermy, and the 
diseased retina may easily burst. In the many cases of retinopathy caused 
by obscure cyclitic or chorioretinal lesions, more extensive endothermy is 
probably preferable; it is sometimes possible by the present method to seal 
the retinal hole and make the retina adhere to the choroid, but we cannot 
cure retinopathy, which must be the more important aim. Unfortunately we 
know very little about pathological changes in the anterior part of the fundus, 
but perhaps the intra-ocular endoscope suggested by Butterworth and Bignell 
(1952) will help to throw light on their nature. The most important problem 
to be solved by investigators of retinal detachment is the discovery of the 
nature of the underlying retinopathy and this is more important than im- 
proved surgical methods of treatment. The following case was unexpec- 
tedly successful. 


A one-eyed 83-year-old man had an aphakic eye and total detachment. On the 3rd day 
after operation he became confused, left his bed, and had the old idea that he should 
carry it away with him. He was transferred to a clinic for psychiatry. When I saw him 
6 weeks later he had a perfect reattachment and visual acuity was 2/10. 
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CAUSES AND TREATMENT OF CONGENITAL 
ECCENTRIC NYSTAGMUS* 
BY 


J. RINGLAND ANDERSON 


Melbourne, Australia 


THE cause of congenital nystagmus has been considered to be as obscure as 
the disorder is resistant to treatment. This paper contains little hint of value 
regarding the former but it is believed that it does contain some for the latter. 


Nystagmus may be divided into the following groups : 
(1) Visual or fixation nystagmus. 
(2) Oculomotor or gaze nystagmus. 
(3) Vestibular nystagmus. 

The movements of the first are oscillatory, and may be replaced by rhythmic 
jerks when the eyes are rotated to right or left. The movements of the second 
group are mainly rhythmic with a fast component in the direction of gaze. 
They are gaze-determined. The movements of the third group are also 
rhythmic, but the fast component may be towards one side regardless of the 
direction of gaze. The nystagmus is side-determined, either towards or 
away from the affected labyrinth or its connections; the movements are 
horizontal and rotatory combined, whereas those of the second group are 
purely horizontal except for a slight rotatory movement at times of the 
adducted eye. 


Congenital Nystagmus 


By “ congenital ” nystagmus is meant the type that owes its origin to a 
genetic, intra-uterine, or birth influence. It may not reveal itself until 3 or 4 
months after birth, and may await the demands of fixation, or, later, those of 
conjugate deviation. 


Characteristics.—In attempting to study the ocular movements in congenital 
nystagmus we should exclude first of all the irregular “ searching” movements 
of the blind. We classify those of true nystagmus, as a rule, according to their 
nature when the eyes are directed in front. It might be wiser to classify them ac- 
cording to their nature in the position of relative rest—the neutral zone. Frequently 
in the rhythmic type the movements disappear there, and only show their character- 
istic jerk on deviation from this point. This could be called “‘ rhythmic nystagmus— 
on rotation only”. 





* Received for publication December 2, 1952. 
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The oscillatory type is usually associated with very 
defective vision. This is not necessarily so. One case in 
this series had visual acuity 6/6. When the movements 
are oscillatory in the position of rest they usually show a 
rhythmic element on conjugate deviation. Sometimes, even 
in the position of rest, an occasional jerk due to an oculo- 
motor influence is added with its fast component towards 
the side of most marked nystagmus. It is difficult to under- 
stand the not uncommon circular movements. In them, the 
centre of the cornea moves in a circle around the saggital axis 
while the 12 o’clock point on the limbus retains its normal 
position. Lack of balance in tone of the vertical rotators as 
well as of the horizontal rotators is a likely explanation. 
At times we also see a slow rotation of the 12 o’clock point 
—either clock-wise or anti-clockwise. These rotations may 
occur alone or combined with irregular movements. 

It is an advantage when the position of rest coincides with 
the normal position of frontal gaze. When it is displaced 
to one side, the patient tends to hold his head to the 
opposite side so that the position of rest is brought more or 
less central. This posture of the head could be called the 
position of election. It is towards the side of greatest 
nystagmus. 


Incidence of Nystagmus: An Apparent} Increase 


Over 34,000 patients have been seen in just over 30 years 
of private practice. Amongst these were 138 with nystagmus, 
at least 106 cases being congenital (Fig. la and 5d) with 
an early and inexplicable onset. 

If we plot these congenital cases, omitting several due to 
rubella, according to their year of birth, we obtain the graph 
illustrated in Fig. 1(a) and (b). There is an apparent increase. 
Is this apparent or real? It is possible that many patients 
with nystagmus, realizing there is no treatment, have ceased 
when adult to attend a private practice, which would 
mean the attendance of fewer old patients. During the first 
few years of practice of course the numbers of patients seen 
were small, and one naturally sees more patients as years go by, 
but it is doubtful whether this is an adequate explanation. 


OF CASES 


Fic. 1 (6).—Cases listed in Fig. 1 (a) arranged in 10-year periods. 


Fic. 1 (a).—Years of birth of patients with congenital nystagmus examined in private practice 


between 1922 and 1952. 
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My absence from practice in 1942 may account in part for the scarcity of patients 
plotted in this year. This can be only a partial explanation, because most patients 
are not brought for examination until they are over one year of age. The average 
age at first attendance in twenty recent cases was 21 months. Occasionally the 
nystagmus is not recognized until the child is older; for example, one who was 7 
years old. In these cases the need for conjugate deviation appears to be largely 
obviated by head rotation, and so the nystagmus is obscured until tested. 


Possible Influence of 1939-45 War.—This series is only small and therefore one 
must be careful when drawing conclusions. Is it possible that the upset at the 
beginning of the recent war may have had some effect in causing the apparent 
increase in congenital nystagmus during 1937-43? 

As no instances of maternal rubella are included, the relationship with the war is 
not similar to that of the numerous congenital defects which followed an epidemic 
of this infection. During this period there were unusual opportunities for the 
insidious spread of an infectious disease—hitherto regarded as unimportant— 
through women at the child-bearing period, for their men-folk were concentrated in 
military camps. The epidemic came when the population had been free from this 
disease for a long time, and immunity was low, but rubella was not responsible for the 
apparent increase of nystagmus in this series. The medical men remaining in 
civilian practice at that time were grossly overworked, and some of the most 
experienced obstetricians were on active service; these factors may have led to 
inadequate pre-natal observation and imperfect technique. The increase however 
appears greatest between 1937 and 1943. The earlier increase, in 1921-1933, may 
have been due to the introduction of various forms of twilight sleep. Several 
mothers in this series stated that they were the first patients to be treated in this 
way by their doctor. 


Present Series of Cases of Congenital Nystagmus 
The 87 patients in this series have been divided into five groups: 


I. Familial Group (12). 
(a) Bilateral visual defects, that is, R and L, 6/18 at most 
(i) deficient pigment ... A39 
(ii) cataract... Av sed 
(iii) retinal defects 
(iv) cause unknown* ... 


8 
| 12 cases (3 with characteristic head posturet). 


(6) Unilateral visual defects * 4 | 
(c) Good vision at 


II. Bilateral Visual Defects (31).—R and L., 6/18 at most. 


(a) Albino _... se re se re ee 

(b) Deficient choroidal pigment _... et 48 | 

(c) Scattered pigment, macular dots, etc. ... ... 3131 cases (8 with characteristic 
(d) Optic atrophy... pia oa ay Prieey. | head posturet). 

(e) Cataract ... one ‘ve ae ey 4 


(f) Cause unknown ... ma av ner x 12 


* Unfortunately the remark “cause unknown” does not mean the absence of a fundus lesion. Some of the 
children were very young and not examined with sufficient thoroughness. 
+ Not all were old enough to have develop2d a h2ad posture. Others were not tested for this feature. 
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Ill. Unilateral Visual Defects. (17).—Left-sided in 13 cases 
(a) Optic atrophy... a sae ae a i} 


18 cases (10 with characteristic 
head posture*). 


(b) Retinal defects... ix: in ree Jal 
(c) Cataract ... git ie ied a) dah me 
(d) Cause unknown ... Ai ne ie ... 10 


IV. Good Vision (19). 
(a) With convergent strabismus _... sce al 4 


24 cases (14 with characteristic 
head posture*; 2 normal 
8 no information). 


(b) With esophoria yi 
(c) Without convergence defect 
(d) Uncertain ... ae 


Aetiology 

(1) Inmheritance.—There were thirteen instances in which the congenital 
nystagmus was inherited. In two heredity was blamed simply because the 
patients were twins, and in two others because they were brother and sister. 
No definite instance of direct inheritance was found. Associated inherited 
defects included: 

(i) The patient’s father and sister had ptosis, but only the patient had nystagmus. 
(ii) Many patients had convergent strabismus which could have been hereditary. 
(iii) A variety of transmissible ocular diseases was found, including albinism. 

(2) Maternal Ill-Health and Labour.—The mechanism underlying conjugate 
deviation is young phylogenetically. It is therefore vulnerable during the 
later stages of pregnancy. 

Morbidity due to maternal ill-health, prematurity, natal anoxaemia, and 
injury as the most probable main causes of the type of nystagmus we are 
considering is shown in the Table (pp. 271 and 272). The main findings with 


respect to parity, trauma and sex are set out below: 





First and only child ... 
First of two ... 
Position | Second of two 
in, \ First of more than two z 
Family Second of more than two .. 
| Third child or later ... 


First of an unknown number of children .. 


Uncertain 


Maternal ill-health doe 
“ Normal ” delivery ... 


Incidence Premature birth “a 
of Delayed or difficult labour ... 


Trauma | Baby burned during first day 
Blood incompatibility+ 4 
| Caesarean because mother’s previous baby died 


Uncertain 


Male ... 
Female 








Sext 





*Not all were old enough to have developed a head posture. Others were not tested for this feature. 
4The blood group was known of only very few patients in the series. 
? In a series of 1,470 patients with convergent and divergent strabismus there were 862 females and 598 males that 


is approximately 44 to 3. 
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TABLE 
MATERNAL HEALTH AND OBSTETRICAL PARTICULARS OF PATIENTS 
LISTED IN FIG. 1(a) 





Case No. | Year of Birth | 


Parity 


Observations 





1 1951 
1949 


1948 
1948 


1947 


1942 


194) 


1941 
194] 


1940 
1940 or 41 
1940 
1939 


1939 
1939 


1938 or 39 
1938 
1938 


1938 
1938 


| 


| 


| 


| 


| 
| 


| 
| 


| 
| 


Second of two 
Only labour 


Third of three 
Only labour 


First of two 


Only children. 
Twins 


Second of two 
Second of two 
First of three 


Only labour 
Second of two 


First of two 
First of two 


Second of three 
Only labour 


First of two 
Third of three 


First of two 


First of three 


First of two 
First of three 


Second of three 
First of two 


No information 
First of three 


First of three 
First of two 


Only labour 
First of four 


Second of two 


No information 
First of three 





Not difficult, but baby badly burned during 
first half hour after birth 

Very bad; patient one of twins, weighed 
34 Ib.; other twin died 

Normal 

One month premature; mother’s health bad 
for first half of pregnancy 

Normal instrumental delivery; baby jaundiced 
8 hours after birth, probably because of 
blood incompatibility. Baby A (2) Rh nega- 
tive: Mother 0 (4) Rh negative. 

Normal; probably recessive inheritance 

Normal; probably recessive inheritance 

Normal 

Normal 

Difficult labour due to contracted pelvis; 
second stage long, but baby in good state 

Face presentation; labour lasted 2 days 

Very long but normal; no_ instruments; 
eyelids very puffy 

Difficult; baby’s forehead very bruised ; 

Difficult; deep forcep marks near ears and in 
forehead 

Normal; Glycosuria in 7th month 

Very long first stage—very little liquor; baby 
very distressed; spastic 

Arm presentation; scars near left eye , 

Caesarean delivery because previous baby died 
y- days after birth,? cerebral haemorrhage. 
Patient slow in speaking, etc; male cousin 
and grand-uncle with nystagmus 

One miscarriage before each child; very slow 
labour, 3 days and nights; patient’s head 
badly marked 

Very long; instrumental delivery after 24 days 
labour 

Normal : : 

Breach presentation; not diagnosed for 2 days; 
baby black—“ miracle it lived” (2nd parity 
was miscarriage) : 

One month premature; first child had lived 
only a few hours 

Quick labour 


Forceps; injured; scars on head beside left 
eye; left cataract FE 

Normal; inherited syphilis 

Mother very seasick during second and third 
month; rapid birth 

Normal 

Patient second of twin boys; normal; inherited 
from father’s parents who were cousins 

Normal though instrumental; depressed and 
vomiting 


Very difficult; mother’s blood group A (Moss 
11) Rh negative, Father’s 0 (Moss IV) Rh 


positive 





continued— 
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TABLE—continued 


MATERNAL HEALTH AND OBSTETRICAL PARTICULARS OF PATIENTS 
LISTED IN FIG. 1(q). 





Year of Birth 


Parity 


Observations 





1938 
1938 
1938 
1937 


1937 
1937 








Only child 
First of five 


Last of five 


No notes 
Second of three 
First of three 


No notes 
First of two 


First (followed 
6 miscarriages) 
Second of three 


Second of three 
No notes 

No notes 

First of four 


Last of four 


First of three 
Only child 
First of two 
First of four 


Third of three 
Second of three 
Second of two 
Second of three 
Third of three 
Fourth of four 
First child of 
three 
Fourth of seven 


First of two 
Second of three 
Only child 


Second of three 
First of two 


| 


Bad; instrument marks on both sides of both 
eyes, especially on outer sides 

Twilight sleep; forceps; right eye injured and 
was bandaged 

First and second stillborn, third miscarriage, 
fourth died when 2 years old. Fifth 
(patient) birth instrumental, difficult to rear 


Normal 

Weighed 10 lb., narrow pelvis. Obstetrician 
wrote: “I was too strenuous in use of 
narcotics to induce ‘twilight sleep’, and had 
to resort to ‘blowing up’ the lungs as a means 
of artificial respiration.” 


Normal; nystagmus and strabismus not noticed ° 
till after whooping cough, at age 5?? 

Rh positive; at 6 months albuminuria and 
tachycardia, normal labour 

One of first ‘“‘ twilight sleep ’ deliveries; eye 
caught on pelvis bone”, head injured; 
maternal grandfather and male cousin have 
nystagmus 

Very slow; but no instruments 


Induced at 84 months, because baby was 
thought to be stillborn 

Normal; no instruments; preliminary twilight 
sleep 

Normal 

Very slow—53 hours; faulty position 

Normal 

Weighed 104 lb.—very difficult. The third 
(previous) baby had been “carried” for 
11 mths; a Caesarean was performed but 
baby died 

Normal 

Normal 

Normal 


Normal 
Very difficult; baby nearly died 


Did not breathe for some time; brother and 
uncle affected 

Very difficult; skin removed from ears and 
face; 3 weeks overdue 

Weight 10 Ib.; one of first twilight sleep; head 
injured; eye caught on pelvis bone 

Very difficult; contracted pelvis 

Difficult; version; scar on head 

Difficult; brain injured 





These statements were volunteered and most have been confirmed by medical reports. 
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A study of these reports leads to the following conclusions: 


1. Maternal health probably played only a small part as a cause. Most mothers 
stated that their health was good. It is possible that mild virus infections can occur that, 
though apparently negligible, may affect a developing foetal tissue. Even though many of 
the children were born during the “ rubella period’, none of these mothers had this 
disease during pregnancy. A subclinical attack could not explain more than one or two. 
Three children with “‘ rubella” cataract and nystagmoid movements were omitted. 

2. Prematurity plays an unimportant part as a cause of nystagmus. Only two of the 
births were premature, and then only by one month. 

3. Anoxaemia may have been very important. Many of the labours were delayed. 
Anaesthetists consider that cerebral tissue will be damaged after several minutes without 
breathing even if artificial respiration is successful. It makes one ask whether there is a 
time-limit, which if exceeded, makes attempts at artificial respiration valueless for, even 
if successful, is not the certainty of serious permanent disability such that merely being 
alive is not worth while? Various forms of “ twilight sleep ’’ are under suspicion. 

4. Cerebral injury was probably the cause of nystagmus in some patients. Many of 
the labours were difficult, and some reports suggest that delayed recognition of and 
imperfect treatment of faulty presentations were responsible. 


How are we to explain the cases that arise with perfect maternal health 
and normal labour? The families are often too small for us to exclude 
recessive inheritance. The effects of anoxaemia and of local trauma are 
possible causes in some of those instances of normal birth without a detailed 
medical report. But as Dr. Kate Campbell of Melbourne states: 


In studying congenital defects we must go beyond the actual birth and maternal illness 
to the nature of the particular placenta, and then even beyond the “‘ Mrs.” to the “* Miss ”’. 


The attitude towards human pregnancy should resemble more closely that 
found on a first-class stud farm! 


In England in the last 50 years there has been a great decline in infant 
mortality after the first week of life, but there has been little change during 
the first week. Difficult births and birth injuries may be a partial explanation 
of this finding. Whatever the cause, how much is preventable? 


The evidence indicates that the present neonatal mortality and stillbirth 
rates could be reduced by one-third to one-half; if that were so about 15,000 
babies would be saved each year in England and Wales alone. 


Analgesics and hypnotics ... often prolong the duration of labour and may increase 
the need for operative delivery, with consequent danger of birth injury and intranatal 
asphyxia. Probably 60 to 70 per cent. of neonatal deaths are due to conditions related in 
one way or another to birth. Birth injury is one of the leading causes of death in the first 
month, and the majority of such deaths occur in the first week. It is the immediate cause in 
approximately one-fourth to one-third of neonatal mortalities . . . Two important 
predisposing causes are prematurity and anoxaemia (asphyxia). The latter condition 

. . is considered to play a part, often a leading part, in about 50 per cent. of neonatal 
deaths . . . About half the neonatal deaths are said to be due to prematurity from one 
cause or another, and the added handicap of possible morbidity in the survivors should 
not be forgotten (Neonatal Mortality and Morbidity, 1949). 
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The dictum of Sage (1944) cannot be repeated too often : 

The ultimate evaluation of any method of analgesia will depend on the price paid for 
the mother’s comfort in terms of infant mortality. 

We must consider morbidity due to natal anoxaemia and injury as the most 
probable main cause of the type of nystagmus now under consideration. 
The characteristics of this condition may be summarized as follows: 

1. The ocular movements are usually pendular or oscillatory, but may be 
rhythmic. They are mainly horizontal, and become coarser on conjugate deviation. 
The fast component is in the direction of gaze and is usually more marked to one 
side than to the other. 

2. These movements become much reduced or absent in a position of rest, which 
is frequently eccentric. 

3. When the position of rest is eccentric, a posture of the head will be chosen 
that tends to “ centre” this displaced position of ocular rest. The head is turned 
in the direction of greatest nystagmus. As a rule the favourite posture of the head 
is one of rotation to one or other side with a slight displacement of the chin up or 
down. At times there is a tilt towards one shoulder. Sometimes a.weakness of one 
particular muscle is superimposed on the nystagmus and influences the choice of 
ocular and head position. In some patients the rotation of the head that permits 
clearest vision is so marked that it seems greater than is necessary to bring the 
position of ocular rest to the frontal site (Fig. 2). A braking influence on the 
nystagmus by tonic neck reflexes is suggested by the extreme rotation of the eyes. 


Fic. 2.—Fourth from the left, in the back row, is one of the patients operated on. He 


shows the characteristic head posture as he tries to see more clearly. 

4. The vision may be good, for example 6/6; it is usually greatest in the direction 
of ocular rest and with the head in the posture of choice. 

5. The nystagmus may be associated with other ocular defects that reduce 
vision, such as cataract, retinal lesions, etc; strabismus is frequent. 

6. Unless mentally defective, the children do well at school. 

7. The parents and other relatives are unaffected, except for a small group in 


which the condition is inherited and then recessively. 

8. The mothers’ health during pregnancy was almost always good, but the 
labour was usually difficult, and this is apparently the most important factor. 

9. Males are more frequently affected than females. 


Site and Nature of Lesion 
The two main ocular defects of patients included in this study are 
nystagmus, usually gaze-determined, and a position of ocular rest that may 
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be eccentric and lead to a characteristic head posture. 

Now what could cause these two typical ocular defects? The physiological 
position of rest is the result, not of a complete lack of muscle tonus, “ but of 
a minimal and balanced tonus of all the muscles acting together ” (Duke- 
Elder, 1932). The balance depends on the equality of the impulses from the 
two halves of the central nervous system, the two labyrinths, and the retinae. 
What can produce the displacement of the position of rest to one side? 
Is it likely to be a cortical or a subcortical lesion? Could a lack of develop- 
ment of or an injury to the cortical centres controlling conjugate deviation to 
one or other side, unbalance the ocular muscle-tone, and alter the position 
of rest? Equilibrium would then be obtained to one or other side. The 
head would be rotated to the opposite side if the eyes were to be at rest when 
confronting the object exciting interest. Would such a lesion also explain 
the nystagmus? The form of nystagmus here considered is due to failure 
to maintain a new position of the eyes taken up in response to volition. It is 
not due so much to failure to deviate conjugately as to failure to retain the 
deviation. As a rule full deviation can be obtained by encouragement. 
The agonists respond to volition, but instead of the antagonists remaining 
relaxed as they normally do, they contract so that the eyes return to the first 
position, only to be moved away again as the impulse of volition takes 
charge again. There is a failure of the coordination that establishes equil- 
ibrium of the eyes in motion. The distribution of tone to the muscles in 
contraction and relaxation is not balanced. Is the defect in this “* centre” 
one that permits an inadequate contraction or a too-brief relaxation? Or is 
it, through faulty development, a form of primitive stretch refiex? Is it 
comparable with an intention tremor? We do not know. 

The movements are usually spontaneous but become more marked when 
an object is being followed, and when the eyes attempt to rotate in response 
to volition. Vestibular responses have also been found to be abnormal, 
and those that normally followed opticokinetic stimulation may be absent 
on rotation of the drum to one or both sides. It is unlikely that several lesions 
are present to explain these separate manifestations. Such would be neces- 
sary to account for interference with the 2nd frontal and the occipital gyri and 
their inter-communications as well as their several descending ocular motor 
pathways; moreover, upper lesions are inclined to produce conjugate devi- 
ations and not nystagmus. It is more reasonable to expect a lesion ofa 
centre in the pons or midbrain to which these pathways run, which could also 
account for the displaced position of rest. 

The exact structural basis for the control of conjugate deviations is not 
known. The main centre may be within the vestibular nuclei, since their 
“ destruction abolishes all lateral (not vertical) conjugate movements from 
stimulation of the frontal and occipital cortex” Cogan (1948). It is known 
also that the lateral lobes of the cerebellum are concerned with motor co- 
ordination and that their stimulation leads to conjugate deviation. It is 
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conceivable that trauma to a collection of cells within or close to the vestibular 
nuclei, or delayed medullation of their connections, may be the lesion res- 
ponsible for congenital nystagmus. 

This explanation is supported by the fact that known lesions can produce 
a similar type of nystagmus, acquired in later life. This has been called 
“‘ asymmetric gaze nystagmus ” and its presence suggests a focus within the 
pons. This form however, like other acquired forms, appears not to have 
a displaced position of rest. Kestenbaum (1946) states that, unlike the sym- 
metrical form which is usually due to disseminated sclerosis, the asymmetrical 
form suggests the site but not the nature of the lesion. 

The vital factor in the development of congenital defects is often the 
time at which a suitable agent acts. This agent, or possibly one of a variety 
of agents, acting at this precise time may be effective. The critical time in 
this form of nystagmus appears to be associated with birth, and a possible 
agent is a transient anoxaemia. This could be due to a variety of causes 
such as undue delay, faulty presentation, unwise analgesia, or even an attempt 
to hasten delivery. 

The vulnerable tissues are likely to be those that are immature. A nucleus 
or an associated centre may contain cells which are undergoing mitotic 
changes at the time. If their development is delayed they may be left behind 
in the race of growth which must be orderly if normal maturity is to be 
attained. : 

Structures that are immature at birth are those that pertain to functions 
that are relatively youthful phylogenetically. Such are the movements of 
conjugate deviation of the eyes, and ocular convergence. These movements 
are rare in all but the higher mammals and they appear relatively late in 
the individual. For example, conjugate deviation is very unsteady until 
5 or 6 months of age, and convergence is often not observed until the age of 
5 months. The oculomotor nuclei and the association tracts, such as the 
dorsal longitudional bundle, that might be connected with this form of 
nystagmus show a marked degree of histological maturity in the early embryo. 
The absence of conjugate deviation for some weeks after birth however, 
suggests that the pattern of the mechanism concerned is not consolidated 
until about then. Oedema or a minute haemorrhage or some effect of 
anoxaemia might affect this mechanism at this precise time. The damage 
is done and the full development of the cells or fibres is delayed or prevented. 
The development of functions dependent on tissues not in a vulnerable 
stage may proceed normally when the dystrophic influence has ceased. 

It is suggested that in this form of nystagmus a portion of the mechanism 
concerned with conjugate deviation is affected. This may not develop fully, 
and neither may other structures that are vulnerable at the same time. This 
may account for the association of strabismus, and anomalies of the retina 
and choroid with nystagmus. Of course damage to the retina may be due 
to indirect trauma during labour rather than to asphyxia. 
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Spontaneous Cure 


It must be remembered that in many patients nystagmus grows less during 
the first few years of life. In one child in the present series the nystagmus 
completely disappeared. 

Case 23 (see Table), Female infant, brought to see me at the age of 11 months because 
of ‘eye movements ”’, had gaze nystagmus, coarser and more marked to the left and 
finer to the right. She was examined on five occasions, and at the last glasses were ordered, 
after atropine. Right and Left + 2.0 D. cyl., 90°. The child was not seen for 10 years, 
and her mother then stated that the movements had disappeared 6 months after wearing the 

lasses. 
- Vision in the right eye was then 6/6 partly with +0.5 D. cyl. at 90°. 

Vision in the left eye was 6/5, with +0.5 D. cyl. at 90°. 

The fundi and media were normal. It is suggested that if all children with nystagmus 
were carefully followed more instances of reduction and disappearance would be observed. 

This makes one ask whether the ill-effects of birth clear away, or whether 
the controlling centre can be delayed in development and mature later, so that 
in the early years of life nystagmus may lessen or disappear. ° 

The differentiation of the macula lutea and the medullation of the optic 
nerve fibres are not completed until about the fourth month of life. Accurate 
fixation is not possible until then. It is likely that the appearance of nystagmus 
is rare until accurate fixation excites the necessary muscle tone, but on this 
question, further information is required. 


Treatment 

We must combat the tendency to consider that there is no treatment for 
children with nystagmus. 

The first essential is to make sure that no undue strain exists in the home or 
school. The child requires more rest, and reacts more to haste and tension 
than do most children. His hours of rest should be adequate and spaced. 
The teacher should be warned that a “ go-slow”’ policy will give the best 
results, but that the child should not be neglected. So often these children 
appear to be compensated by a special gift that many normal sighted children 
do not have. It is wise to encourage the parents. Very often a devoted 
mother puts all her available time at such a child’s disposal. One must re- 
member that nystagmus usually lessens during the first decade and occasion- 
ally disappears. Parents should be warned that some children read more 
easily if the book is held at an unusual angle and that this should not be 
discouraged. The habits adopted by children with nystagmus to aid their 
ability to read are very varied, and in my experience children with nystagmus 
make good progress at ordinary schools and later find satisfactory ways of 
earning a living. This is partly because their reading ability is greater than 
their distance vision suggests. 

One boy stated that he had voluntary control of his ““ movements”. He 
had had a head tilt until he was 5 years of age, when his mother stated, “‘ the 
head tilt went and his eyes crossed”. He can now clarify his vision of 
objects by concentrating on them with either eye and his nystagmus is much 
less than when he just looks with both eyes. At 22 years of age he has his 
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own research-workshop in the Post-Master General’s department. 

Such children could be handicapped greatly by being sent to a Sight- 
Saving School unless its educational facilities were at least as great as those 
available to normal-sighted children. 

If any convergence-excess is present, orthoptics should be tried. The most 
valuable treatment is by occlusion. Occlusion appears to lessen the tonus 
for convergence, which is possibly in excess anyway in these children. Train- 
ing in relaxation is of value. Full correction of refraction is essential and 
sometimes an over-correction with convex spheres or bifocals may help. 


Case 11, Boy, aged 7 years, had a left convergent strabismus, rhythmic nystagmus, and 
his head posture was to the right—the direction of greatest nystagmus. After occlusion 
and orthoptic training his nystagmus appeared to be less and he kept hishead straighter. 


His resting angle lessened from +35°= 11 dioptres to + IT 11 dioptres in six months, 
and his eyes appeared to be straight unless he was tired or excited. 


It is wise when testing vision subjectively to do so with the head and eyes in 
the position of rest. Surprisingly good acuity of vision may be found. Some- 
times the examination of the fundi is easier in this position. In other children 
the movements of the eyes are arrested when converged. This finding 
explains the reading ease of some patients, and also suggests the easiest 
position for the examiner to see fundus details. 


Surgical Intervention 


ROTATION TO LEFT As far as I know no operation 
has been recommended for nys- 
tagmus. It seems reasonable 
however to operate at least on 
those that owing to a displaced 
position of ocular rest, have an 
abnormal head posture, since 
such a posture is a handicap, 
particularly at school. It may 
be wise to operate when there is 
a marked difference in nystag- 
mus to either side. 

The stimulus responsible for 
this type of nystagmus is pro- 
bably that which produces the 
slow return to the position of 
rest (Fig. 3). The fast outward 
jerk is volitional. Is the muscle 
tone for this fast movement too 


Fic. 3.—Diagram of possible courses of certain main weak to maintain the rotation, 
impulses capable of producing conjugate deviation to OF is the stimulus which permits 
= ny oe eee from L 4 a yee heap the slow returning movement 
the right second frontal gyrus, the left vestibule, an 9 : 

the left lateral lobe of the cerebellum. Courses are too strong? If we consider that 
marked + for contraction and — for relaxation. the ocular rotators responsible 
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for the slow movements are, at least, relatively too strong, or that their tonus 
is excessive, it seems reasonable to weaken them. This can be done by a bilateral 
recession operation. 

In patients with a displaced position of rest, the tone of the horizontally-acting 
rectus muscles is not balanced in frontal gaze, as is normal. Instead, the tone of 
the rotators on the side remote from the position of rest is greater than that of 
their opponents. If we weaken the latter sufficiently, they will require extra tone 
when the eyes are in the central position, and this should restore equilibrium, and 
lessen or remove the nystagmus. The new position of rest will then be in the mid- 
line, and the head need not be turned to one side to bring the eyes to their position 
of rest before the object of 
fixation (Fig. 4). 

It had been observed that L Eyes in eccentric 
nystagmus is not infrequently pe sap teat gy 
lessened after an operation muscle tone 
for strabismus had been per- 
formed. One man, aged 22 
years, at the time of opera- 
tion for a left convergent 
strabismus of at least 60 2.Eyes in frontal gaze 
dioptres, had been worried per ott phic 
by the apparent movement 
of a wall from side to side. 

It is unusual for patients 

with congenital nystagmus 

to be conscious of movement 

of objects, and this man was se ifs siping 
conscious only of the move- pices re 
ment of walls. Vision was of left rotators 

6/9 in the right eye and 6/12 

intheleft. Both nystagmus fyg_ 4,—Byes in congenital nystagmus with eccentric 
and strabismus had been life- _ position of rest. 

long. The conscious move- 

ment vanished after a recession of each internal rectus muscle and a resection 
of each external rectus muscle, even though an angle of anomaly of 20 dioptres 
persisted. This observation and the above line of reasoning encouraged the author 


to treat the following patients: 


(1) Case 12, Female, born 1943, had a coarse horizontal rhythmic nystagmus when looking 
to the right, but this was much less when looking to the left. Her position of rest appeared 
to be almost 45° to the left of the central position. When facing front her uncorrected 
vision was 6/60, but when she adopted the head posture of choice visual acuity was 6/18, 
two letters. Her face was then rotated to the right, her head slightly tilted to the right 
shoulder, and her chin slightly raised. 


Operation.—The left external rectus was recessed 6 mm. and the right internal rectus 
5mm. The latter was recessed less than the former because it appeared to be more powerful. 
There was a convergent strabismus of +6 dioptres before the operation and of +5 one 
month afterwards. The fusion range was from —4° to +25° and stereopsis was good. 
After the operation the nystagmus in frontal gaze was considerably less, and the child’s 
mother considered that there was less turning of the head. Motion films appeared to 
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confirm this view. The schoolmaster later wrote to the mother stating that there was no 
longer any need to stand the child in front of the class to read the blackboard, as she could 


see it from her position in the room. She had also started to learn the piano. 

(2) Case 20, Female, born 1941, had a coarse nystagmus when looking to the right, and 
much less towards the left. The head was usually turned towards the right, with chin 
tilted slightly to the left. 

Operation.—A 5 mm. recession of the left external rectus and the right internal rectus 
was planned. (Owing to the enforced absence of the author, Dr. Hugh Ryan carried out 


this plan for him). Before operation the angle was 0°, and 7 months later it was +1°. 
The mother considered that there was little improvement until a new master, who had 


three children of his own and was more sympathetic towards the patient, took charge of 
the child’s class. This was an important observation, for in my opinion the nystagmus 
was considerably less in the central position and the head posture was less abnormal. 


(3) Case 18, Male born 1943, had nystagmus that was considerably more marked to the 


right than to the left, and had a tendency to turn his head to the right. The right vision 
when corrected was 6/12 partly, and the left was 6/18. His angle was 0°, fusion — 5° to 


+22°. 
Operation.—After recession of the left external rectus muscle and the. right internal 


rectus muscle his angle was —1°. His nystagmus appeared to be reduced in frontal gaze, 
and his mother said that he did not tilt his head. 


(4) Case 35, Male, born 1938, had slight nystagmus with little difference between right 
and left conjugate deviation. His nystagmus disappeared on convergence and became 


more marked on right occlusion. Vision was 6/12 corrected in the right eye, and 6/60 in 
the left. Vision improved to 6/9 in the right eye with left conjugate deviation, and les- 


sened to 6/60 when his head was to the left. His head was turned to the right for clear 
Vision. 

Operation —His left external and right internal rectus muscles were recessed. His 
angle before operation was — 10 L/R 6, but 2 weeks after operation it was —9°, and his 
head posture was improved. 


Conclusions 
(A) 1. Most of the patients with nystagmus seen in 30 years of private practice 
had a congenital form of the condition. 
2. There was an apparent increase in its frequency between 1921 and 1933 and 
between 1937 and 1943. 
3. Recessive inheritance was present in seven males and four females. 
4. In the majority labour had been delayed or difficult. 


5. Congenital nystagmus tends to lessen after the first few years of life. 

6. Males are more commonly affected than females. This is in contrast with 
convergent strabismus which, in the author’s series, affected females and males in 
the proportion of 4.4 ; 3. 

1. This series has not yet been sub-divided into visual, oculomotor, latent, and 


possibly other groups. One group however is given special consideration and this 
could be called congenital eccentric nystagmus. 


(B) 1. In these patients the nystagmus is mainly rhythmic, though in most it is 
oscillatory or pendular in the central position. The movements usually lack sym- 
metry being coarser and slower to one side, and finer and faster to the other. The 
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position of rest is eccentric, causing rotation of the head to the opposite side, i.e., 
the side of greatest nystagmus. The position of choice may be one of full rotation 
of the head to one side with full ocular rotation to the other side. The ocular rest 
so obtained may not be attained by mere complete conjugate deviation. 


2. The visual acuity of these patients varied from 6/6 to less than 6/60. Visual 
deficiency in those with poor vision probably prevented the acquisition of normal 


fixation. Such cases could be classed as examples of fixation or of visual nystag- 
mus. It is doubtful whether it is justifiable to include under this heading, those 


with practically normal vision unless there is evidence that their acuity was poor 
during the period when fixation was being acquired. Otherwise these cases are 


more suitably placed under the heading of gaze or oculo-motor nystagmus. They 
would have a motor rather than a sensory origin. Thus we should have examples 


of congenital eccentric nystagmus of either the gaze type or the fixation type. 
3. Such patients can be helped by a bilateral recession of the muscles respon- 
sible for the slow component of the nystagmus in the direction in which it is greatest. 
4. Such an operation should bring the position of rest to the centre and slow 
down the nystagmus. 


5. A convergent strabismus associated with nystagmus can be treated at the 
same time by at least a recession of the other internal rectus. 
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ARTERIOLAR INVOLVEMENT IN DIABETIC 
RETINOPATHY* 


BY 
NORMAN ASHTON 
Department of Pathology, Institute of Ophthalmology, London 


IN recent studies of diabetic retinopathy much emphasis has been placed 
upon the pathological changes on the venous side of the retinal circulation, 
and little attention has been directed towards the arterial involvement, which 
is now generally regarded as a late, super-added, non-specific development, 
attributable to arteriosclerotic or hypertensive mechanisms. In long- 
standing diabetes it is well recognized that arterioles throughout the body are 
particularly prone to undergo hyaline degeneration and occlusion ; such 
changes are strikingly apparent, for example, in the small arteries of the 
pancreas and in the glomerular arterioles of the kidney. This arteriolar 
degeneration may be remarkably severe ; indeed it has been stated that a 
substantial deposit of hyaline material in the arteriolar walls is characteristic 
of diabetes and is strong presumptive evidence of its existence when found 
histologically (Bell, 1946). Renal arteriosclerosis, for instance, is over three 
times as frequent in normotensive diabetics as in normotensive non-diabetics 
and the lesions are much more severe in the former (Bell, 1952). Our own 
experience in the histological study of extra-ocular tissues, removed post 
mortem from diabetic subjects, is completely in accord with this view. 

In an extensive investigation of the problem of diabetic retinopathy now 
being carried out at the Institute of Ophthalmology, a study has been made 
of the changes on the arterial side of the circulation. It has been found 
that in the later stages of diabetes, the retinal arterioles may be affected as 
severely as the extra-ocular arterioles, and that the arteriolar hyalinization 
and obliteration is responsible for a characteristic type of new channel 
formation within the retina and subsequently for the final and total destruc- 
tion of the retinal capillary bed. 

It is probable, therefore, that this severe degree of arteriolar involvement 
should not be regarded merely as a super-added hypertensive complication, 
but as a characteristic, late development of the diabetic process itself. It is 
the purpose of this paper to report these findings, which have so far been 
only incompletely described (Ashton, 1951), and, as would now appear from 
the examination of more extensive material, in part erroneously interpreted. 


Pathological Findings 


The foregoing observations were made on injected and stained retinae removed 
post mortem from diabetic subjects ; the techniques employed have been described 
in detail elsewhere (Ashton, 1949, 1950). 

It was noted early in the investigation that, in cases of established diabetic 
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retinopathy, small or large areas in the retinal capillary network failed to fill with 
the injection fluid. It was realized that, while these defects might well have been 
due to occlusion of the lumina of diseased vessels, artefacts due to failure of injec- 


tion could not. be excluded as a cause. 


As more specimens were examined, 


however, it was found that this feature was not apparent in either normal retinae 
or in the early stages of diabetic retinopathy. Furthermore the avascular areas 
were constantly found to lie in the neighbourhood of the retinal arteries (Figs | 
and 2), except in the most severe cases where neg areas of the capillary network 


were often obliterated. 


Fic. 1.—Diabetic retino- 
pathy. Artery on the left, 
vein on the right. Micro- 
aneurysms are seen on the 
venous side of the capillary 
circulation. An early stage 
of arteriolar occlusion is 
present and a few terminal 
arterioles and _precapil- 
laries are completely ob- 
structed. There is a con- 
sequent patchy loss of the 
capillary bed around the 
artery. Injected Indian ink. 
PAS stain x 44. 








Fic. 2.—Diabetic retino- 
pathy showing a more 
advanced stage than that 
seen in Fig. 1. Artery on 
the left, vein on the right. 
Haemorrhages and micro- 
aneurysms are present; in 
the centre of the picture 
they are seen on an ar- 
teriole. The arteriolar side 
of the circulation is more 
extensively atrophied than 
in Fig. 1. Injected Indian 
ink. PAS stain x 44. 
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It was also noted that these peri-arterial zones of capillary atrophy were 
associated with two other changes, namely : 

(1) Narrowing or complete occlusion of the terminal arteriolar branches and 
precapillary arterioles. 

(2) New channel formation on the venous side of the capillary network. 


(1) ARTERIOLAR CHANGES.—In techniques involving examination of the flat 
retina removed post mortem, there are many ways in which artefacts may arise, 
and, as has already been emphasized (Ashton, 1952), one must be particularly 
careful in interpreting narrowing of vascular junctions as evidence of pathological 
change. In order to obviate this difficulty, retinae mounted flat after injection with 
Indian ink were stained with the periodic acid-Schiff method, which, as Friedenwald 
(1948) was the first to show, stains the vessel walls an intense red, thus making it 
possible to determine whether narrowing of the lumen of a vessel is associated with 
changes in the adjacent vess2l wall. Using this technique, it was found that, in 
retinae in which diabetic retinopathy was fully established, the lumina of the 
terminal arteriolar branches and the precapillary arterioles were often markedly 
narrowed, particularly, but 
not exclusively, at their 
points of origin and in the 
early part of their course 
(Fig. 3). These changes were 
frequently associated with an 
irregular thickening of the 
vessel walls, which some- 
times imparted a corkscrew 
appearance to the ink in the 
lumen (Figs 4 and 5, oppo- 
site). 

A comparison of retinae 
showing different degrees of 
retinopathy indicates that 
this pathological develop- 
ment progresses to complete 
obstruction of the vessel, so 
that gradually fewer and 
fewer terminal arterioles and 


1: +: Wedailinat wakes Weieedne: teaine Wileteead * precapillary branches re- 
1G. 3.—Terminal arteriole showing hyaline thickening an ; Pai 

narrowing of lumen at point of origin. Injected Indian ink, ™4IN patent ; ultimately the 
PAS stain x 508. arterial side of the capillary 


network closes down and 
the capillary bed, starved of blood, atrophies and disappears. The remnants 
of these degenerative vessels stain but faintly with the PAS method and can be 
followed only imperfectly in their course, appearances which rule out the possibility 
that normal vessels have failed to fill on injection. In the final stages of obliteration 
PAS staining reveals little trace of them. 





(2) NEw CHANNEL ForMATION.—In areas where the arterial side of the capillary 
network was undergoing obliteration, numerous dilated loops could be seen, 
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Fics 4 and 5.—Terminal arterioles showing hyaline thickening and corkscrew 
coiling in early part of vessels’ course. Injected Indian ink. PAS stain x 172. 


situated roughly midway between the artery and vein, projecting towards the artery 
and communicating with the venous capillary circulation (Figs 6 and 7, overleaf). 

PAS staining demonstrated that the loops were connected via obliterated vessels 
with the capillaries of the arterial side (Fig. 8, overleaf). 

The dilated loops were, in fact, new channels which had developed on the venous 
side after occlusion of a proportion of the terminal and precapillary arterioles. 
They were frequently compressed into grotesque Y-shaped and S-shaped forms, 
possibly as a result of destruction of the supporting framework of the retina and 
of the distorting effect of oedema and exudates. As has already been indicated, 
when the arterial supply to a particular area becomes obliterated then the capillary 
bed, together with these new channels, undergoes total atrophy (Fig. 9, overleaf). 

In a recent paper these loops were erroneously described as examples of intra- 
retinal new vessel formation (Ashton, 1951), but it is now clear that the dilated 
channels are not of this nature ; indeed, intra-retinal new vessel formation, although 
it undoubtedly occurs, is a much less common development. 

The formation of new venous channels in the diabetic retina has also been 
described by Michaelson and Campbell (1940) and by Ballantyne (1945), but these 
authors believed that the new pathways resulted from venous congestion or venous 
block. Such by-passes may possibly develop from venous occlusion, but the 
majority appear, in our experience, to follow obstruction on the arterial side. 


Discussion 
The severe degree of arteriolar disease, the associated development of new 
channels, and the final obliteration of the capillary bed, combine to present 
a pathological picture which has not so far been paralleled in numerous 
examinations of injected retinae from non-diabetic cases with hypertension 
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Fic. 6.—Diabetic retino- 
pathy showing an artery in 
the centre of the picture. 
The arterial side of the 
circulation is undergoing 
obliteration and numerous 
dilated new channels may 
be seen, situated roughly 
midway between the artery 
and vein, projecting to- 
wards the artery, and com- 
municating with the venous 
side of the capillary circula- 
tion. Note the characteris- 
tic S-shaped and Y-shaped 
forms. Injected Indian 
ink. PAS stain x 44. 



































Fic. 7.—Diabetic retino- 
pathy. Artery on the left, 
vein on the right. The 
capillary bed around the 
artery is atrophic, because 
of obliteration of the 
majority of the terminal 
arteriolar branches. New 
dilated channels may be 
seen in the centre of the 
capillary bed. Near the 
centre a thick-walled 
micro-aneurysm is present. 
Injected Indian ink. PAS 
stain x 44. 








or arteriosclerosis. There is no apparent reason, however, why a prolonged 
and severe degree of arteriolar obstruction, from sclerosis or spasm, should 
not give rise to similar sequelae in non-diabetic subjects. These points await 
elucidation in the examination of further material, and at present one can 
only say that they must be comparatively rare. This is probably because ; 
arteriosclerotic changes are usually less severe in the non-diabetic than in the 
diabetic, and that occlusion through spasm is too sudden to allow the 
formation of new channels and too transient to lead to permanent obliteration 
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Fic. 8.—A terminal arte- 
riole crosses the centre of 
the field, and new channels 
forming grotesque loops 
may be seen in the lower 
half. They are connected 
with the arteriole via nar- 
rowed or obliterated pre- 
capillary arteriolar bran- 
ches. Injected Indian ink. 
PAS stain x 120. 





————————————— ree errr 


Fic. 9.—Diabetic retino- 
pathy. Artery on the left, 
vein on the right. Com- 








: plete occlusion of the 
e arteriolar branches has led 
e to total atrophy of the 
d capillary bed, including 
t. any new channels which 
S may have existed. Injected 
Indian ink. PAS stain 
x 44 
d 
d 
it eo xe 
n of the terminal arterioles and precapillary vessels. On the other hand, it is 
se clear that a severe degree of arteriolar obliteration occurs in diabetic retino- 
ie pathy with sufficient frequency to be regarded as a characteristic feature of 
e the disease in its later stages. 


Taking these new findings into consideration, the sequence of structural 
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changes in diabetic retinopathy would now appear to be as follows : 

(1) Venous engorgement (ophthalmoscopical evidence). 

(2) Distortion of capillary network with localized capillary looping. Micro- 
aneurysm formation occurring frequently at the sites of the capillary loops 
(Figs 10 and 11). 

(3) Formation of haemorrhages and exudates. 

(4) Hyaline constriction of terminal and precapillary arterioles (Figs 3, 4, 5, 
and 8). 

(5) Partial atrophy of capillary bed on the arterial side (Figs 1, 2, 6, and 7). 

(6) Formation of new channels in capillary bed on the venous side (Figs 6 
and 7). 

(7) Complete obliteration of arterioles and disappearance of capillary bed (Fig. 9). 





Fics 10 AND 11.—Two stages in the development of micro-aneurysms from 
capillary loops. Fig. 10 shows a varicose loop with a cap of dense PAS-positive 
exudate (406). In Fig. 11 the opposing walls of the loops have fused and the 
thickened laminated exudate surrounds the aneurysm ( x 360). 


Both forms of true new vessel formation—that arising in association with 
retinitis proliferans after vitreous haemorrhage, and that arising as rete 
mirabile in ischaemic areas—may occur either early or late in the disease. 
The complications of glaucoma, retinal detachment, and atrophia bulbi are 
not of importance in the present discussion. 

It will be seen from the above order of events that the arteriolar ‘eebve- 
ment plays no small part in the unfolding of the final disastrous picture of 
diabetic retinopathy, for it would appear to be almost entirely responsible 
for the complete obliteration of the capillary blood supply to the retina. 

It is to be remembered that the arteriolar changes described above were 
observed in the late stages of diabetic retinopathy, and that any inferences 
attempting to relate them to the early stages of the disease must necessarily 
be purely speculative. Bearing this limitation in mind, it would nevertheless 
appear that these pathological changes can be interpreted in only two ways : 
namely, that the obliteration of the arterial side of the capillary circulation 
is caused by an occlusive sclerosis developing as a late manifestation of the 
retinopathy, and is thus unrelated to the early stages of the disease process, 
or that the changes represent a structural alteration in vessels previously in- 
volved in chronic functional disorder. 
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The weight of clinical and pathological evidence supports the view that the 
arteriolar changes merely represent a late stage of development in the retinal 
disease, for the ophthalmoscopical picture of arteriospastic and arterio- 
sclerotic retinopathy differs considerably from that of diabetes, and, as has 
already been noted, arteries of comparable calibre elsewhere in the body are 
particularly prone to undergo hyaline degeneration in diabetes of long duration. 
Furthermore, no hyalinization or other structural change can be found in the 
retinal arterioles when the early stages of diabetic retinopathy (micro-aneurysm 
formation, haemorrhage, and exudates) are already established. It is now 
known, therefore, that the retinopathy is not initiated by precapillary sclerosis 
as suggested by Cristini and Tolomelli (1946) ; indeed, the apparent nor- 
mality of the arterial side of the circulation and the involvement of the 
venous side have frequently been contrasted with the opposite findings in 
hypertensive disease. It was upon this distinction that Ballantyne (1945) 
based his differentiation of the two retinopathies, the pathological changes 
in the diabetic type being primarily in the capillaries and venules, while those 
in the hypertensive type were primarily in the arterioles and precapillaries. 
Michaelson (1948) carried the argument a stage further by stating that the 
difference between these pathological patterns was related to the develop- 
mental distinction between arteries and arterioles on the one side and the 
vein-capillary unit on the other. 

It has recently been suggested by Duguid and Anderson (1952) that 
hyaline arteriosclerosis does not represent a degeneration of the vessel wall, 
as is commonly supposed, but is the product of a deposit of haemato- 
genous origin in the lumen of the vessel. It is possible, therefore, that 
hyalinization of the arterioles in diabetes may be simply a manifestation of 
the disturbance of mucopolysaccharide metabolism which is known to 
occur in this disease (Friedenwald, 1948, 1950; Jacobs, 1949; Ashton, 1949, 
1951; Rifkin and Petermann, 1952). Indeed, Warren and LeCompte (1952) 
see in this abnormality an capes of all the important lesions 
characteristic of diabetes. : 

It may be, however, that in the study of diabetic retinopathy attention has 
been too narrowly confined to changes in structural composition, and that 
insufficient consideration has been given to the possible significance of 
functional variations, such as arteriospasm, which may precede structural 
alterations. Unfortunately it is difficult in the living subject to obtain 
satisfactory evidence of vasoconstriction in the calibre of the precapillary 
arterioles of the retina, so that any attempt to bridge the gap between func- 
tional and structural aberrations can have at the present time no direct 
factual support. Biomicroscopical studies of the fundus will no doubt prove 
of value in establishing the importance of functional alterations, and it is 
not improbable that, as in the case of the choroidal circulation, methods will 
be devised by which the living retinae of experimental animals may be exposed 
and studied microscopically. 

Meanwhile it would be unwise to speculate further upon the possible 
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relationship between structure and function in the genesis of diabetic retino 
pathy, but it may be of value to enumerate a few points of importance. 

First, it would seem feasible that prolonged vasoconstriction, by increasing 
the density of the vascular wall, may hinder adequate movement of the tissue 
fluids within the vessel wall itself, reducing processes of diffusion and thus 
interfering with oxygenation and nutrition and resulting in intramural 
hyaline degeneration ; a process which has been called “ vasoconstrictive 
ischaemic anoxaemia” (Hueper, 1944). Indeed, there is considerable 
experimental evidence to show that prolonged vascular spasm may produce 
degenerative and proliferative changes in the vessel wall ; thus arteriosclerotic 
and arteriolonecrotic changes have been induced by the repeated injection 
of adrenaline (Josué, 1905; Waterman, 1908; Stief and Tokay, 1935), and 
other vasotonic agents such as nicotine (Hueper, 1943), tyramine (Duff, 
Hamilton, and Magner, 1939), and ergotine (Yater and Cahill, 1936). 

Secondly, it has been shown (Chambers and Zweifach, 1944), that the blood 
supply to the peripheral vascular bed is adjusted to the needs of the tissue 
by alternate contraction and relaxation of muscle cells in the metarterioles 
and precapillaries (the “ metarteriolar musculature” and “ precapillary 
sphincters °’) in response to vasoconstrictor impulses and the action of accu- 
mulated metabolites. The participation of humoral factors has latterly been 
held to be important ; Shorr and his co-workers (Shorr, Zweifach, and 
Furchgott, 1945, 1948; Shorr, Zweifach, Furchgott, and Baez, 1947; 
Shorr, 1948) have shown that this peripheral circulatory mechanism is largely 
controlled by two circulating vasotrophic factors, which they have named 
“ vaso-excitor material ” (V.E.M.) and “ vaso-depressor material ” (V.D.M.). 
More recently Ashton and Cook (1952) have shown that cotrisone is able to 
exert a vasoconstrictive action, which may also operate through the metar- 
teriolar musculature and precapillary sphincters. This finding is of particular 
interest in view of the possible relation of some adrenal cortical functions 
to retinopathy and glomerulosclerosis in diabetes (Becker, 1952). 

This new concept of the peripheral circulation, however, has not so far 
been shown to apply to the retinal circulation, although Loewenstein (1946) 
claimed to have demonstrated “ cushion cells ” at the point of bifurcation of 
arterioles, which he believed might serve to regulate the retinal arterial blood 
supply. If such a controlling mechanism should eventually be proved to 
exist in the retina, it would at once provide an explanation for the site of 
election of the arterial constrictions in the diabetic retina, situated as they 
are in the terminal arterioles and precapillaries. It would then be necessary 
to enquire into the possibility of some pathological imbalance in the diabetic 
between the humoral factors responsible for maintaining normal vascular 
tone, or to seek an abnormal vasoconstrictive substance in the circulation. 

The demonstration of such a mechanism would seriously challenge the 
hypothesis that diabetic retinopathy is primarily a venous disease, for, 
theoretically, the venous changes of dilatation and micro-aneurysm formation 
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might arise from prolonged anoxia through a chronically inadequate 
arterial blood supply. In view, however, of the absence of such venous 
changes in arteriosclerosis and benign hypertension, it is very unlikely that 
arteriospasm could alone be responsible for the early stages of diabetic 
retinopathy. Nevertheless, it is to be remembered that the concept of a 
primary venous involvement is unsatisfactory in a number of ways. It finds 
no parallel in the extra-ocular vascular complications ; no progress has been 
made in the identification of a toxin having a selective action on the venous 
side, as postulated by Ballantyne (1946), while substances with a potentially 
toxic action, known to circulate in the blood of diabetics, have not, so far, 
been clearly incriminated (Hanum, 1938). These negative findings, while 
not excluding the theory of a toxin with a directly selective action upon the 
venous endothelium, turn attention towards the possibility that the venous 
involvement may be a secondary effect of a functional interference with the 
circulation in an earlier part of its course. In this connection it is inter- 
esting to note that Cholst and others (1952) have recently shown that in 
many diabetics, without ophthalmoscopical evidence of significant retinal 
arteriosclerosis, there is an inability of the retinal vessels to dilate maximally 
after intravenous injections of Priscoline. This defect was accompanied by 
perimacular exudation. A similar finding was obtained by Handelsman and . 
others (1952) in the skin vessels of the toes of diabetics, which failed to dilate 
maximally, as measured by skin temperature readings, after Priscoline 
administration. Megibow and others (1949) from their studies on the vessels 
of the extremities of diabetic subjects, concluded that the vascular damage is 
localized in the arterioles and capillaries. 

Finally, if arteriolar constriction should prove to be a factor of aetiological 
significance in diabetic retinopathy, a unifying concept for the pathology of 
all the vascular retinopathies could be propounded, in which the severity, 
extent, acuteness of onset, and duration of the arterial changes would be 
the most important points in accounting for the development of the differing 
ophthalmoscopical and microscopical pictures. 

These arguments, however, are not advanced in support of any new 
hypothesis and are no more than reflections upon the possible significance of 
arteriolar involvement in diabetic retinopathy. It is realized that they include 
only a few of the many factors to be taken into account in considering the 
complex problem of the pathogenesis of the disease, but they may serve to 
emphasize the danger of restricting thought to the interpretation of changes 
in structure to the exclusion of function. 


Summary 
Changes in the arterioles in diabetic retinopathy have been studied in 
retinae removed post mortem, injected with Indian ink, and stained by the 


periodic acid-Schiff method. It has been found that the retinal arterioles 
are subject to a type of hyaline degeneration as severe as that which occurs 
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elsewhere in the vascular system in diabetes. Hyalinization in the termina: 
arterioles and precapillary vessels of the retina leads to narrowing and graduai 
occlusion of their lumina, resulting in atrophy of the arterial side of the 
capillary bed and the formation of new channels in the venous side of the 
capillary network. Complete obliteration of the arterioles eventually leads 
to the disappearance of the entire capillary bed. 

This picture, resulting from arterial disease in the diabetic retina, has not 
so far been paralleled in numerous examinations of injected retinae from 
non-diabetic cases with hypertension or arteriosclerosis. It is probable, 
therefore, that the severe degree of arteriolar involvement should not be 
regarded merely as a super-added hypertensive complication, but as a 
characteristic late development of the diabetic process itself. 

The arterial obliteration may be due to a complicating sclerosis unrelated 
to the genesis of the early stages of the retinopathy, or it may represent a 
structural change in vessels previously involved in chronic functional dis- 
order. The probability and significance of these alternatives are discussed. 


I wish to thank Sir Stewart Duke-Elder for his encouragem21t and advice. I am indebted to 
Dr. P. Hansell for the photomicrographs, to Miss E. FitzGerald for clerical help, and to Messrs. 
G. Knight and A. McNeil for technical assistance. 
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VASCULAR CHANGES THAT OCCUR DURING THE 
PHASIC VARIATIONS OF TENSION IN 
CHRONIC GLAUCOMA* 


BY 
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Director of Research: Sir Stewart Duke-Elder 


It is abundantly clear that some relationship exists between ocular tension 
on the one hand and the state of the perilimbal episcleral vessels on the other. 
The ciliary congestion associated with acute and sub-acute attacks of con- 
gestive glaucoma, and the dilatation of the larger vessels of this region in 
absolute glaucoma, have long been recognized as examples of this relation- 
ship. Furthermore, the importance of these vessels in the drainage of 
aqueous from the anterior chamber has, by gradual stages, been established. 
The anatomical researches of Schlemm (1831), Rouget (1856), Leber (1873), 
Maggiore (1917) and Dvorak-Theobald (1934), have provided us with the 
basis of our knowledge of the vascular connections in the neighbourhood 
of the angle of the anterior chamber. More recently, the discovery of the 
aqueous veins by Ascher (1942) and Goldmann (1946), and the tracing of 
these to the canal of Schlemm by Ashton (1951), have confirmed a direct 
continuity between the anterior chamber and the vessels visible on the 
_ surface of the globe. 

The more obvious changes in the episcleral vessels which follow gross 
changes in intra-ocular pressure have led to the inquiry whether there are 
also variations in the circulation on the surface of the globe in the less dram- 
atic diurnal rise and fall of pressure which occurs in chronic glaucoma. The 
most detailed work on this subject is that of Thomassen (1947), who measured 
the pressures in episcleral vessels during these variations in tension. His 
method involved the direct compression of the vessel walls by a small trans- 
parent viewing chamber applied to the conjunctiva. He found that a rise 
in intra-ocular pressure was preceded by a rise in the pressure of the episcleral 
veins, and that a fall in the venous pressure initiated a fall in intra-ocular 
pressure. The pressure in the anterior ciliary arteries on the other hand did 
not vary with the changes in ocular tension. 


Present Investigation 


The main object of this study was to observe the changes in calibre of episcleral 
arteries, veins, and capillaries during the diurnal fluctuations in tension and to 
record them by serial photographs. Methods had to be devised of recording the 
vascular changes without causing disturbances which might in themselves induce a 
hyperaemia. In most cases it was not necessary to know the precise height of the 
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tension but merely the state of the cycle, whether rising, falling, or level. Advantage 
was taken of the fact that the rise and fall of pressure in two glaucomatous eyes 
in the same patient-is (with certain reservations to be given later) almost synchronous, 
so where possible one eye was used for making observations and the other for 
tonometry. Altogether thirty glaucomatous patients and seven normal controls 
were examined. 


Methods 


All the patients, exept one, were observed over a full period of 24 hours. If miotics 
were being used these were stopped for 36 hours before admission. In the first four cases 
tonometry was done between five and eight times in the 24 hours, but in later cases, this 
was increased to ten or even twelve readings. Preferably tonometry was only done on 
one eye, usually that in which the tension was thought to be the lower. Occasionally, as 
for example when the tension changes in one eye were very slight, both tonometry and 
observation on the vessels were done on the same side; in these cases the observations 
were made first and the tension was taken afterwards with as little disturbance as possible. 
It has been found by observation in other cases that the chemical and mechanical irrit- 
ation inevitable in tonometry quickly settles down, and it did not appear that in cases in 
which it had to be done the results were affected. Care was taken to choose a suitable 
group of vessels for observation. An area whose centre lay about 6 mm. from the limbus 
and which included the terminal part of an anterior ciliary artery and a large episcleral 
vein was required, and it had to be visible without undue movement of the eye or retraction 
of the lids, since either of these manoeuvres can in itself cause a hyperaemia. Records 
of the vascular events were made partly by direct visual observation with the slit-lamp 
microscope (16) and partly by serial photographs taken through the slit lamp. The 
visual observations provided accurate information regarding the number of smaller 
vessels conveying blood, and the photographs provided a means of measuring the changes 
in calibre in the larger vessels. 

One of the earliest signs of an increased vascularity is the opening up of fresh capillary 
channels. It was found by counting the “ islands ” formed by intersecting capillaries in 
a well-defined area lying near the limbus that the variations in hyperaemia could be quite 
accurately assessed. The photographic records were obtained by mounting a reflex - 
camera on one side of the slit-lamp binocular in place of one of the eye-pieces. Prelim- 
inary focusing with a narrow beam was done through the second eyepiece and when the 
required area was in the centre of the field the slit was opened to its full extent and the 
shutter was released. Great care was always taken to ensure that the conjunctiva was not 
exposed to the full strength of light for more than 5 seconds or so at a time. When the 
patients were awakened from sleep they were always allowed a period of 5 to 10 minutes 
for their eyes to adjust themselves to the lighting of the ward. 


Results 


The early cases appeared to be showing conflicting results, but as more 
patients were examined it became clear that the fundamental vascular 
changes were best seen when the rise in ocular tension was moderate in 
degree. When the tension rose sufficiently to cause a definite corneal oedema, 
the main pattern became obscured by secondary vascular changes. Of the 
thirty cases examined, 26 showed definite alterations in the episcleral circul- 
ation; six of these came into the high tension group, and in the remainder 
the intra-ocular pressure was moderate or low (there are 21 records of this 
group as one high tension case was re-examined after operation). 
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Eyes showing a Moderate or Low Degree of Tension (21 cases).—For the reasons 
given above, in most cases only the relative values of tension were known. 

There were twelve cases in which it seemed probable (from observations made 
previously) that the highest tension lay somewhere between 30 and 60 mm.Hg, and 
nine in which it probably did not rise beyond 30 mm.Hg. Six of this latter group 
had had the pressure normalized by iris inclusion operations. 

There were fifteen cases of simple chronic glaucoma (medium and wide angles), 
and the other six were cases of chronic congestive glaucoma (narrow angles). 
No essential difference between the two types was found in the vascular changes. 

One of the main features which distinguished cases in this series from the high 
tension cases was that the greatest vascularity of the episclera always occurred 
when the tension was at a low level and that a relative vasoconstriction was present 
when the tension was in an increased phase. The variations in the vessels were 
found to affect only the venous side of the circulation. During the period of low 
tension many new capillaries opened up (Figs la b, overleaf), and the diameter of 
the veins increased to a marked degree. No evidence was found of arterial dilatation, 
but the technique was not sufficiently exact to be certain that minor variations in 
calibre did not occur. 

In order to determine whether the vascular changes were affected by the tension 
itself, some cases were studied in which the pressure had been reduced by operation 
on one eye only. It was found that the operated eye underwent fluctuations similar 
to those of its fellow (Figs 2a b, overleaf), and this led to the conclusion that the 
variations in the episcleral circulation were bilateral and part of a generalized 
vascular change. 

As the tension was taken at approximately 3-hourly intervals, it was not possible 
to relate the vessel changes to the tension cycle as accurately as one would have 
wished but certain facts emerged quite clearly from these 21 reviews. The most 
marked vasodilation, for example, occurred in all cases somewhere between 
8 p.m. and 6 a.m., that is, during the normal resting period of the body. The 
patient did not have to be actually asleep, but whenever the most marked vascul- 
arity occurred (in about half of the cases it was most marked between midnight and 
3 a.m.) it coincided with the lowest pressure found in the 24 hours. The vaso- 
dilation appeared gradually during the descending phase, and faded again when the 
tension rose. It lasted in all some 4 to 7 hours, but in four cases may have been of 
shorter duration as it was seen during only one period of observation. Any 
secondary fall of tension which occurred during the day, which in this series was 
never so marked as that which occurred at night, was also associated with some 
‘degree of vasodilation. One case, for example, had two marked periods of vaso- 
dilation between two peaks of tension at noon and 5 p.m. The phase of highest 
tension, conversely, was always found during the period of relative vasoconstriction, 
which lasted much longer and appeared to be associated with the generalized 
increase of vascular tone found in the active state of the body. The usual time of 
highest tension was around 9 a.m. with extremes at 5.30 a.m. and 12 noon. It was 
unusual to find that the highest tension occurred before rising, which is the time 
usually accepted. It should be noted here that the times given for the highest and 
lowest tensions agree with those found by Langley and Swanljung (1951) in a series 
of thirty cases of glaucoma simplex. The dilation of the vessels is most pronounced 
in the phase of lowest tension. For example, the vasodilation occurring witha 
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tension of 20 mm. Hg was usually quite obvious to then naked eye, but in the same 
case the difference in vascularity between say, 30 and 50 mm. Hg was often relativel: 
slight. In two-thirds of the cases, the vasodilation was quite obvious to the naked 
eye and the larger veins showed a definite increase in diameter. In the remainder, 
the vascularity was manifest only by an increase in the number of capillaries 
containing blood, and was only visible on slit-lamp examination. The four cases 
which showed no vascular changes in the 24 hours underwent very little rise and 
fall of tension. Three of them were cases of low tension glaucoma simplex which 
showed characteristic field defects but in which the tension in the control eye re- 
mained between 18-25 mm.Hg during the 24-hour review. The fourth case had a 
moderately high tension which fluctuated only between 37-45 mm.Hg. As a 
general rule, in glaucomatous cases, the fluctuation in tension was proportional 
to the degree of vessel dilatation. 


Normal Controls.—Six out of seven controls showed variations in the calibre of 
episcleral vessels comparable in duration and degree to that occurring in glaucom- 
atous patients (Figs 3a and 3b). The “ bleary-eyed ” individual just awakened 
from sleep is familiar to all, and it was found that four out of the six normal cases 
in which vasodilation occurred showed a drop in tension ranging from 3 to 7 mm. Hg 
at the time when the vessel changes were most marked. It will be suggested later 
that this physiological dilation is the cause of the diurnal variations of tension in 
normal eyes. 


Aqueous Veins.—Observations on aqueous veins were made when possible. 
It was usually found that during the period of vasodilation, those vessels which 
were either pure aqueous veins, or contained a high proportion of aqueous, dilated 
in the same way as those containing pure blood. It was difficult to be sure whether 
more or less aqueous was flowing out during the reduced phase, because there was 
usually an increased blood content at the same time. In three cases (notably the 
vessel in the normal control shown in Figs 3a and 3b) photographs provided evidence 
that the stream of aqueous was wider in the dilated than in the constricted phase. 
This probably implies that facilitation of aqueous outflow is occurring. 


To summarize the results so far, it would appear that there is a physiological 
variation of vascular tone in the episcleral vessels which is associated with 
variations in ocular tension of a greater or lesser degree in both glaucomatous 
and normal eyes. The relationship between these changes will be discussed 
presently, but first it is advisable to consider the group of six high tension 
cases in which the physiological pattern was not followed, and in which 
the hyperaemia was probably influenced by local factors. 










































Eyes showing a High Degree of Tension (6 cases).—These were all cases of the 
narrow-angle congestive type, and all showed a considerable rise of tension with 
a marked corneal oedema at one stage in the cycle. 

The first point of difference between this ‘and the preceding series was that the 
vascular changes, which were marked in every case, were not necessarily bilateral, 
so that unless both corneae were oedematous, the changes were more obvious in 
the eye with the higher pressure. 

The second point of difference was that the vascular changes were related to 
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Fics 1(a) and 1(5).—Calibre variations in glaucoma simplex, an anterior ciliary 
artery (A), and a group of venules. 


1(a).—4.30 a.m., tension 25 mm. Hg. _1(6).—10.00 a.m., tension 40 mm. Hg. 


Fics 2(a) and 2(b).—Calibre variations in a low tension (operated) eye. A group 
of episcleral veins. 


2(a).—11.00 p.m., tension in fellow (glaucomatous) eye 25 mm. Hg. 
2(b).—9.00 a.m., tension in fellow eye 45 mm. Hg. 


Fics 3(a) and 3(b).—Normal control showing calibre variations in phase of vaso- 
dilation (3(a)) at 3.15 a.m. and during relative constriction (3(5)) at 6.15 a.m. Note 
vein indicated by arrow which is full of aqueous in Fig. 3(a). 





Fics 4(a) to 4(d).—Changes in a high tension attack. 
A.V.=aqueous vein. A=Anterior ciliary artery. V=Vein. 
4(a).—2.00 p.m., tension 15 mm. Hg, A.V. contains pure aqueous and is 
invisible in this Figure. 
4(b).—11.00 p.m., tension 60 mm. Hg, A.V. contains blood. 
4(c).—5.30 a.m., tension 60 mm. Hg, A.V. contains blood. 
4(d).—7.30 a.m., tension 32 mm. Hg, A.V. contains mixed blood and aqueous. 


Fics 5@) and 5(6).—Effect of methonium on episcleral vein (above) and arteriole. 
5(a).—Control eye before injection of 50 mg. hexamethonium. 
5(6).—Control eye 45 min. after injection. 
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different points in the tension cycle. For example, some increased vascularity was 
always apparent at the highest point of tension, and it was most in evidence in the 
descending phase. Sometimes it was present in the latter part of the ascending 
phase. 

A final point of difference was that several cases in this series showed dilatation 
of arteries as well as of veins. 


The case shown in Figs 4(a) to 4(d), illustrates some of these points. The patient was 
a night worker and he remained up in a well-lit ward throughout the survey, so it is 
probable that a physiological dilatation did not complicate the vascular picture. 

At 2 p.m. the vessels were constricted, the tension was 15 mm. Hg and a large aqueous 
vein contained pure aqueous (Fig. 4(a)). 

At 9 p.m. the tension had risen to 40 mm. Hg, the veins showed a moderate degree of 
dilation, and the aqueous vein contained what appeared to be pure blood. 

At 11 p.m. the tension had risen to 60 mm. Hg, a corneal oedema was present, and the 
veins and aqueous vein appeared to be as they were at 9 p.m. (Fig 4(d)). 

The tension and the corneal oedema persisted throughout the night and at 5.30 a.m. 
were still present. At about this time the vasodilation became much more marked 
(Fig 4(c)). The tension began to fall shortly after this, the cornea cleared and aqueous 
reappeared in many of the episcleral veins. 

At 7. 30 a.m. the tension had dropped to 32 mm. Hg, the veins were still very dilated and 
the aqueous vein shown in the pictures contained a large quantity of very dilute blood 
(Fig 4(d)). 

At 10 a.m. the veins had returned to their original size and the aqueous vein contained 
pure aqueous again. It appeared therefore that no aqueous was escaping from the globe 
between the later part of the ascending phase and the beginning of the descending phase. 
The veins which previously contained aqueous had evidently become filled with blood 
through anastomotic channels. 


The behaviour of the aqueous outflow was similar to that found in another 
patient also proved by gonioscopy to have an extremely narrow angle (reported 
by Thomassen, Perkins, and Dobree, 1950). Grant (1951) reported ten narrow- 
angle cases, and Weekers and Prijot (1952) six narrow-angle cases in which the 
resistance to outflow on compression of the globe increased greatly when the 
tension was high and decreased when it was low. The changes in all of these cases 
could be explained by an actual angle block shutting off the anterior chamber from 
the canal of Schlemm during the increased phase of tension. 


Discussion 

Let us first consider the moderate and low tension cases in which the 
variations in the calibre of the episcleral vessels seem to have a physiological 
basis. 

It may be that the vasodilation so constantly found in the phase of lowest 
tension is not directly related to the fall of pressure in the eye but that both 
have some common origin. The vasodilation is not dependent on sleep but it 
is possible that in the resting state there is a reduction in the formation of 
aqueous which coincides with, but is not directly related to, a general reduc- 
tion in vascular tone including a vasodilation of the episcleral vessels. 
Although a diurnal variation in aqueous production has not yet been estab- 
lished, it is possible that it plays a significant part in the rise and fall of 
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tension. There is more positive evidence, however, that an obstruction to 
outflow of aqueous, even in wide-angle cases, plays an important role in the 
production of the tension in chronic glaucoma. Ascher and Spurgeon (1949) 
and Goldmann (1951) have demonstrated a diminished aqueous outflow in 
chronic glaucoma, and Grant (1951) found an increase in resistance to out- 
flow in both wide- and narrow-angle cases. The intrascleral veins, which 
receive most of the “ collectors” from the canal of Schlemm, and the episcleral 
veins, with which the former are freely connected (and which receive aqueous 
direct from the canal of Schlemm by the aqueous veins), could offer a varying 
degree of resistance to outflow, depending on their pressure. Now, when 
there is evidence of fresh capillary channels opening up and of a dilatation 
of veins, it is very likely that there is a drop in pressure in the venous side of 
the circulation, especially when there is little or no evidence of more blood 
passing through the area by reason of arterial dilatation. The fall of pressure 
which appears to occur during the period of vasodilation would facilitate 
the outflow of both aqueous and blood from the interior of the globe. As 
variations in the calibre of the episcleral vessels have been shown to occur 
in norma) as well as in glaucomatous eyes, it is unlikely that the phase of 
relative vasoconstriction in these vessels is the cause of the rise of pressure, 
but it is suggested that the phase of vasodilatation could play a part, and 
perhaps an important part, in reducing tension of whatever origin. Let us 
examine some experimental and clinica) facts in the light of this hypothesis. 

Thomassen’s finding on the relationship between the episcleral veins and 
the intra-ocular tension would be explained, because the pressure at any 
particular point in an emergent vein would increase or decrease according 
to the changes of pressure in the veins into which it drained. At the same 
time, these would be altering the intra-ocular tension by varying the resistance 
to the outflow of aqueous. Further, the finding that the calibre of the 
arteries was unaltered throughout the cycle would agree with Thomassen’s 
finding of a constant arterial pressure. 

The effect of the methonium compounds on the reduction of the ocular 
tension in both normal and glaucomatous eyes has been noted by several 
observers, notably Rycroft and Romanes (1952), and Cameron and Burn 
(1952). The former state that the tension may fall so low that it will not 
register on a tonometer. 

Caution has to be exercised in correlating the results with the foregoing, 
as these compounds cause a profound drop in the arteriolar as well as the 
general blood pressure. Photographs of a non-glaucomatous subject 
(Figs 5a and 5b) taken before, and three-quarters of an hour after, the 
injection of 50 mg. hexamethonium are of interest because they show 
a similar dilatation of the venous channels associated with a drop in tension 
of 5mm. Hg in the control eye. 

There are several clinical findings which this hypothesis would explain. 
The reduction of tension by miotics in wide-angle subjects and in aniridia, 
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for example, may be partly due to the fact that both pilocarpine and eserine, 
which are known to have a direct vasodilator effect on vessels, may reduce 
the pressure in the scleral and episcleral veins. Thomassen (1946) and 
Grant (1951) found that in wide-angle cases the resistance to outflow was 
decreased after the instillation of miotics. Furthermore, the beneficial effect 
of sleep, with its attendant physiological vasodilation, and of local heat in the 
relief of sub-acute glaucomatous attacks may be significant in this connection. 

In the high tension cases it is clear that the vascular pattern is much more 
complex and is probably much influenced by local ocular changes. It has 
been suggested that an angle block occurs in high tension narrow-angle cases, 
and if this is so some of the vascularity could be explained by axon reflexes 
caused by the periphery of the iris being forced against the back of the cornea. 
This would explain the vascular changes occurring in the later part of the 
ascending phase in the case illustrated. The explanation of the vasodilation, 
which was so constant a feature of the descending phase of tension in this 
series of narrow-angle cases, offers an intriguing subject for speculation. 
The explanation may possibly lie in the raised tension itself. This may, for 
example, cause a relative intra-ocular ischaemia, which might result in anoxia, 
or in the formation of histamine, both of which are known to cause a local 
vasodilation. This vasodilation may be of considerable importance in 
lowering the tension and may act as a kind of safety-valve. A second factor 
worthy of consideration is that the increased vascularity may be caused 
by the difficulty experienced by the arteries in pumping blood into the eye 
in face of considerably increased pressure; blood may be “ shunted off” 
through the minute superficial branches to limbal loops, paralimbal con- 
junctiva and sclera, which eventually drain back into the episcleral vessels 
without having entered the globe at all.* 

In conclusion, it is suggested that the changes in calibre described provide 
further evidence that variations in vascular tone play an important part in 
the rise and fall of tension in glaucoma. It must be remembered that only 
the changes in calibre in the episcleral vesseis have been studied, and that 
there may well be other changes either in these or in deeper vessels which 
may be found to play a more important role than those described. For ex- 
ample, our knowledge of the rate of flow and of the capillary permeability, 
even in the vessels which can be directly observed, is fragmentary. The 
recurring theme throughout the investigation is that of an association 
between a dilatation of the venous side of the circulation and a lowering of 
the ocular tension; it is hoped that this will prove to be a pointer towards 
the more effective medical treatment of glaucoma. 


Summary 


(1) The vascular changes occurring during the diurnal tension variations 
in thirty patients suffering from chronic glaucoma and seven normal controls 
are described. 


*The reader is referred to a previous communication for an anatomical basis for this argument (Dobree, 1950). 








300 J. H. DOBREE 


(2) The majority of cases showed a rise of tension which was not suffic- 
iently high to cause a corneal oedema. In these cases, and-in the normal 
controls, it was found that a vasodilatation, mainly affecting the venous side 
of the circulation, was associated with the lowest tension level. Conversely, 
when the tension was raised, the vessels were relatively constricted. Both 
eyes showed similar changes suggesting that these phenomena have a 
physiological basis. 

(3) A series of six cases in which the tension was markedly raised showed 
quite different changes in the vessels. These were probably due to local vas- 
cular disturbances. 

(4) The suggestion is made that the changes described facilitate the outflow 
of aqueous by causing a reduction in pressure in the venous outlets from the 
canal of Schlemm. 

(5) This hypothesis is discussed in the light of several experimental and 
clinical findings. 


I should like to record my indebtedness to Dr. T. Thomassen for the interest aroused in this 
phase of glaucoma research during his sojourn at the Institute of Ophthalmology three years ago, 
and to Sir Stewart Duke-Elder for his interest and helpful criticism during the investigation. 
Dr. R. Kempthorne and Dr. D. Ferriman kindly colletorated in the methonium experiments. 
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CORNEAL THICKNESS IN INTERSTITIAL KERATITIS* 
BY 


CHARLES COOK AND MAURICE LANGHAM 
Institute of Ophthalmology, University of London 


THE importance of the role played by changes in the thickness of the cornea 
in the induction of corneal vascularization has recently become increasingly 
recognized (Cogan, 1948; Ashton, Cook, and Langham, 1951; Langham, 1952, 
1953; Ashton and Cook, 1953). However the relationship between the 
swelling and increase in opacity of the cornea to the rate and progress of 
vascularization of the cornea in humans has not hitherto been investigated. 

In the present study, an attempt has been made to bridge this gap in our 
knowledge by correlating alterations in corneal thickness with the clinical 
progress of a series of ten cases of specific and non-specific keratitis receiving 
cortisone therapy. Changes in the general macrosopical and slit-lamp 
appearances and in the degree of corneal opacity were noted in addition to 
the measurements of corneal thickness. 


Method 
The thickness of the cornea was measured by the apparatus described by 
Maurice and Giardini (1951) mounted on a Haag-Streit slit lamp. Owing to the 
opaqueness of some corneae examined, it was found necessary to increase the 
normal intensity of the incident beam of light. The accuracy of the method 
decreases with the abnormality of the cornea. Readings of the central area of 


normal eye had a reproducibility of approximately 2 to 3 per cent. whilst in those 
taken on opaque corneae an accuracy of approximately 8-10 per cent. was 
obtained. Similarly the accuracy of readings taken towards the periphery of the 
cornea was probably not greater than 10 per cent., as the corneal surfaces are no 
longer parallel. 


Results 
Values reported for the thickness of the normal cornea are recorded in 
the Table, which also includes the present authors’ observations on a series 
of normal eyes. 
TABLE 
CORNEAL THICKNESS REPORTED BY VARIOUS AUTHORS 





| 
Author Date | Corneal Thickness (mm.) Number of Experiments 
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Fic, 1.—Specific interstitial keratitis before | Fic. 2.—Same case as Fig. 1 5 weeks later 
treatment. This shows a marked localized vascu- _ after eight subconjunctival injections of corti- 
larization of the thickened cornea preceded by sone. Note marked reduction in both extent 
a wide zone of corneal infiltration. and degree of corneal swelling. 





Fic. 3.—Non-specific deep keratitis before Fic. 4.—Same case as Fig. 3, 3 weeks 
treatment. later, after five subconjunctival injections of 


The insert in all Figures shows the thicknessfof the cortisone. 
cornea in millimetres. 


In all the cases of keratitis examined in this investigation, the corneal 
thickness was abnormally increased and rose to its peak during the more 
florid manifestation of the condition, slowly diminishing thereafter as the 
inflammatory process regressed. There was also a close correlation between 
the degrees of corneal swelling and opacity during the progressive and 
regressive phases of the disease. 

It is of interest to note that in every case in which either superficial or 
deep corneal vascularization was observed, a significant increase in the thick- 
ness of the surrounding cornea was found in association (Fig. 1), a finding 
strongly supporting the contention of Cogan (1948) that corneal vascular- 
ization is always preceded and accompanied by corneal swelling. There was 
a marked tendency for the thickness of the cornea to be maximal towards 
the centre, where in some cases the stroma was swollen to at least twice 
its normal thickness (Figs 3 and 4). 
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In all cases the administration of 
subconjunctival cortisone was fol- 
lowed by a marked decrease in cor- 
neal thickness and in the associated 
infiltration and vascularization (Figs 
2, 5, 6, and 7). 

The arrest of the ingrowing vessels 
was associated with a progressive 
decrease in calibre of the vessel lumen, 
with a consequent reduction and 
eventual cessation of blood flow. 

These vascular changes would 
Fic, 5,—Same case as Figs 3 and 4 after 4Ppear to be directly associated with 
a further 3 weeks’ treatment with eight sub- the reduction in thickness of the 
conjunctival injections of cortisone. peripheral cornea, for in several 








Fic. salle tata keratitis before treat- Fic. 7.—Same case as Fig. 6, 3 weeks’ 
ment. later, after six subconjunctival injections of 
cortisone. 


cases the central cornea remained markedly thickened long after the vascular 
invasion had become obliterated and the eye clinically quiescent. 

These observations would appear to indicate that the influence exerted 
by cortisone on corneal swelling is more probably mediated through its 
effect upon the limbal vessels than by a one influence upon the endothelial 
and epithelial cells of the cornea. 


Discussion 
The observations made in this study have much in common with those 
gained from experimental studies on animals. As in other species there is 
present in the human cornea a mechanism, dependent on the functional 
integrity of its limiting epithelial and endothelial cell layers, by which a 
constant degree of hydration and thickness is maintained. Impairment of 
this mechanism leads to corneal swelling and opacity and, in certain circum- 
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stances, to an ingrowth of vessels. A notable feature of the events leadins 
to an ingrowth of vessels into the cornea of animals has been the finding tha: 
corneal swelling at the limbus always precedes the ingrowth; there is as ye: 
no experimental evidence to show that vessels can grow into a cornea of 
normal thickness. In this respect the present findings harmonize well, since 
a marked swelling of the cornea was found to precede the path of the in- 
growing vessels in all cases. 


Summary 

(1) The thickness of the normal and diseased cornea was measured in a 
series of ten patients. 

(2) Changes were observed in corneal swelling, opacity, and vascular- 
ization after the topical application and subconjunctival administration of 
cortisone. It was found that a marked swelling of the cornea precedes 
vascularization, and that cortisone inhibits the extension of the corneal 
swelling and vascularization. 


We should like to thank Sir Stewart Duke-Elder and Dr. Norman Ashton for their interest in 
this work; one of us (M.L.) is indebted to the Medical Research Council for defraying part of 
the cost of the research. The treatment and observation of the patients was made possible by the 
kindness and co-operation of the surgeons at Moorfields Eye Hospital. 
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EXPERIENCES WITH THE LINDNER-GUIST 
OPERATION*t+ 


BY 
A. LISTER 
London 


IN dedicating this article to Professor Karl Lindner in honour of his 70th 
birthday, the author acknowledges a debt which he among many ophthalmic 
surgeons—and their patients—owes to this pioneer of the surgery of retinal 
detachment; a debt which, unlike other debts, must rejoice the creditor in 
the knowledge that it will ever grow and ever remain unpaid. 

Particular reference is made to Lindner’s contribution to retinal surgery, 
because it is with methods of treatment of retinal detachment associated with 
the names of Lindner and Guist, that the author has concerned himself in 
recent years, and it was thought appropriate that his experiences with these 
methods should form the subject of this article. Though any interest 
it may have lies, to a great extent, in the modifications, which are 
described, of the original technique, there has been no change of principle. 
Furthermore, these same modifications, which the author once thought were 
original, have, in fact, been largely anticipated by Lindner himself. 

The great majority of retinal detachments are treated by the diathermy 
operation, the direct descendant of Gonin’s ignipuncture. That this has its 
limitations, however, even in the most expert hands, is shown by the recent 
widespread renewal of interest in scleral resection, the revival and rationaliza- 
tion of which, in 1933, we owe to Lindner (1933a). Many articles on this 
operation have appeared in the literature of the past few years describing 
variations in technique and the results thereof (e.g. Pischel, 1945; Leopold, 
1945; Vail, 1946; Lindner, 1949; Weve, 1951; Shapland, 1951; Philps, 1951; 
Lister, 1951). Another alternative or auxiliary to diathermy is the Lindner- 
Guist operation (Guist, 1931, 1933; Lindner, 1931, 1932a, b, 1933b), and 
it is with this that this article is concerned. 

As is well known, the Lindner-Guist operation in its original form consists 
in surrounding the area of the retinal tear with a series of trephine holes in 
the sclera and applying caustic potash to the exposed choroid. In the early 
1930s it was practised by a number of surgeons (Black, 1932; McKeown, 
1933; King, 1933; Terrien, Veil, and Dollfus, 1933; Rieger, 1933; Shapland, 
1934; Dunnington and Macnie, 1935—all quoted from Duke-Elder, 1940), but 
certain disadvantages have severely limited its popularity. First is the 
difficulty of trephining further back than about 16 mm. on the temporal side 
of the globe and 12-14 mm. in other segments. Second is the risk of in- 


* Received for publication December 12, 1952. 
t Dedicated to Professor Lindner on the occasion of his 70th birthday. 
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advertently puncturing the choroid before all the trephinings have been 
completed. The consequent loss of sub-retinal fluid and softening of the 
eye make it almost impossible to continue with the operation. Arruga (1936) 
designed little screw-in plugs to meet this complication, and Lindner (1932a, 
1933b) reduced the number of trephinings by placing them further apart, 
separating the choroid from the sclera between the holes with a spatula, and 
injecting potash along the tunnels so made. The method has, however, a 
third drawback, in that it is time-consuming and difficult; Lindner himself is 
quoted by Gonin (1934) as describing the operation as /a plus fatigante et la 
plus difficile de notre specialité. Nevertheless, there are cases in which it is 
the operation of choice, either alone or in combination with scleral resection, 
and it is hoped that the following account of an experimental series of cases 
will show that it can be made a reasonably simple operation. 





The first case in this series was one in which apparent closure of a temporal tear 
by diathermy was followed by secondary tears at the edge of the scar. The classical! 
Lindner-Guist technique was employed, a barrage of trephine holes being placed 
so as to enclose the affected area. This was successful, and the retina is still in 
place 5 years later. 


The next case was one of detachment in an amblyopic eye; it was thought justi- 
fiable to experiment with a variation on Lindner’s undermining method in an 
attempt to avoid some of the difficulty and fatigue. A single trephine hole was there- 
fore made just anterior to the site of the tear which had been localized by a single 
pilot diathermy application. Three per cent. potash was injected through the 
trephine hole into the supra-choroidal space over the area of the tear. The 
immediate reaction was violent and subsequently the choroid over the area of 
injection became largely atrophic. In spite of this the retina went back into place, 
where it has remained. It is noteworthy that it did not develop secondary tears 
as it would probably have done with an equally violent diathermy reaction 
(Fig. la and b, and Fig. 2, opposite). 
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Fic. 1(a).—Diagram of detachment, Case 1. Fia. 1(4).—Modified Lindner-Guist oper- 
ation, Case 1. 
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Fic. 2.—Case 1. 


It is to be noted that a somewhat similar 
method is quoted by Shapland (1934) as having 
been employed by Foster Moore. He used phenol 
instead of potash and spread it over the choroid 
with a spatula. 








Since the injection method lacked control of the area of choroid treated, a different 
method was employed in the next case, that of a single tear in an elderly myope. A 
T-shaped incision was made in the overlying sclera, the resulting flaps were turned 
back to expose a triangular area of choroid, and this was painted with 3 per cent. 
potash before evacuating the sub-retinal fluid (Fig. 3). Although there was slight 
loss of vitreous the retina went back and was still in place 18 months later. 





































































line of scleral 
incision trap-door opened 
exposing 
_ Choroid ready 
tor potash 


(prelaid 
sutures 
omitted), 




















Fic. 3.—Diagrams illustrating trapdoor modification of Lindner-Guist operation, Case 2. 


Both the injection and flap techniques have since been used either alone or in 
combination with scleral resection. Two examples of the combined method may 
be cited : 


In the first case previous diathermy had been unsuccessful and an open tear in 
the upper temporal quadrant was surrounded by an area of atrophic, cobweb- 
like detached retina on which it seemed hopeless to repeat diathermy. A 
penetrating scleral resection was made to “ bracket ” the affected quadrant. 
Opposite the region of atrophic retina the choroid posterior to the resection 
was separated from the sclera with an iris repositor and 1-5 per cent. potash 
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was injected over this area. The retina was still in place 2 years later 
(Figs 4 and 5). 
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Fic. 4(a).—Detachment prior to Fic. 4(6).—Area of resection, Case 3. 
resection, Case 3. 


In the second case that of a high myope, diathermy had failed to close a tear on 
the equator in the lower temporal quadrant. A full-thickness resection 
was made covering the outer half of the globe. Opposite the site of the tear 
a centrally directed 6—8 mm. radial incision was made in the sclera, and 


the choroid thus exposed, covering the 

site of the tear, was painted with 3 per 

cent. potash. The retina is still in place 

18 months after the operation and 

corrected vision is 6/36 (Figs 6 and 7, 

opposite). 

Full-thickness scleral resection itself, 
when combined with potash, acts almost 
certainly, at least in part, as a modified 
form of the Lindner-Guist operation. It 
may, in fact, be used on the principle 
advanced by Lindner (1931 ; 1932b) as an 
important feature of the original method, 
to barrage off an unhealthy area of retina 
in which mere repetition of previous opera- 
tions seems doomed to failure. Fig. 8 
illustrates the case of a high myope in 
which diathermy followed by a “ flap” 
potash operation had only been partially 
successful. It can be seen that there was 
still an area of shallow detachment nasal 
to the reaction and this was increasing. A 

Fic. 5—Case 3. penetrating scleral resection, combined with 





LINDNER-GUIST OPERATION 


Fic. 7.—Case 4. 
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Fic. 8(a).—Case 5. Diagram of FiG. (8b).—Case 5. Diagram of scleral resec- 
tself, detachment. tion and “flap” Lindner-Guist operation. 


most 3 per cent. potash applications, was 
dified 


placed 18 mm. from the limbus and 
A. It central to the original reaction. A 
iciple satisfactory result has been maintained 
. me for a year (Fig. 9). 
votiaa | Three failures are worth mentioning: 
ypera- a. (i) A “flap” operation missed the 
‘ig. 8 Bs : Aa tear owing to faulty localization. The 
ype in | A 71% tear was closed subsequently by dia- 
(* thermy. In the series under review 
potash was used instead of diathermy 
in several straightforward cases merely 
for the sake of improving technique. 
(ii) Two large rents were treated by 
the “‘flap” method. Although there 
appeared to be adequate and well- 


localized reaction, one of the tears was not closed and further tears led to total 
detachment. 


Fic. 9.—Area of resection not included. Case 5, 
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(iii) In this case a method employed by Lindner (1932a ; 1933b) with some succcss 
for treating holes at or near the macula was used in a modified form. A flap of scicra 
was raised over the macula so as to give access to the choroid in this region. ‘jhe 
posterior ciliary arteries were encountered and damage to at least one of tlicse 
led to severe intra-ocular haemorrhage. The eye, though it survived, was ultimately 


useless. 
(iv) Scleral resection combined with potash application failed in two cases of 


simple retinal dialysis though theoretically it should be suitable. 

The only complication of any frequency to be feared in these operations is 
intra-ocular haemorrhage. This only seems likely if severe choroidal bleeding has 
occurred during the operation. For this reason venae vorticosae and their tributaries 
must be given as wide a berth as possible. Otherwise, apart from moderate orbital 
tissue reaction which occurs when potash has been used extensively, convalescence 
is surprisingly peaceful. No case of infection has yet been encountered. 

In conclusion, the following principles of application of the chemical 
method and points in its technique are put forward: 

(1) The chemical method of coagulation is preferable to diathermy in 
cases where the retina appears to be too atrophic to stand the relatively 
destructive and shrinking effect of the latter, and in cases in which it has 
already failed. Lindner (1931) states that the chemical method does not 
cause shrinkage of the retina and therefore has less tendency to produce 
secondary tears. He also recommends it for tears at or near the macula. 

(2) The “flap ’’ and injection techniques, although technically more 
difficult and lengthy than diathermy, are more simple and speedy than the 
trephine technique. 

(3) The injection method is suggested as being the more suitable if a wide 
area has to be covered. In order to control the amount injected—a minim 
or two is all that is necessary at one point—and to avoid damage to the 
choroid during injection, the author uses the apparatus shown in Fig. 10. 


Fic. 10.—Apparatus for potash injection. 


The syringe holder* is self-explanatory.. The fine lacrimal cannula (gold) 
is fused inside the concavity of a gold lens curette. It is inserted with its 
convexity towards thechoroid. Two percent. potash is probably the optimum 
strength, though Lindner (1932a) recommends 1/100 ml. 6 per cent. potash. 


* Made by the Institute of Ophthalmology workshop. 
t+ Made by Theodore Hamblin Ltd. 








dt a tag aaah eth 4 8 he eee pki cy 


lest 


=< 


LINDNER-GUIST OPERATION 311 


(4) The “flap” method is preferable when only a comparatively small 
area of choroid has to be treated. Three per cent. potash appears to give 
an adequate reaction. When opening up the sclera the placing of the sutures 
(3/0 silk on Grieshaber 82/7 needles) should follow close behind the making 
of the incisions so that they can be pulled up and tied as soon as the choroid 
has been painted and punctured. In this way vitreous loss is best avoided. 


(5) For drainage of sub-retinal fluid, puncture of the exposed choroid is 
preferred to cautery puncture through some other part of the sclera. There 
is risk of vitreous loss and retinal rupture through the latter once the sub- 
retinal fluid has drained away. 

The author’s results in unselected cases submitted to diathermy, scleral 


resection, and the Lindner-Guist operation (in the classical and modified 
forms) between July, 1947, and July, 1952 are tabulated below: 








Diathermy .. oy 28 29 
Scleral Resection*. . a az ae ise Pe ye 8 | 26 
Lindner-Guistt .. sh, ed Re “3 fe | 12 7 
Total Cases sash Fao ee ake rte ge 48 54 


Total excluding Scleral Resection or ie $e ie 40 34 


Operation | Cured Failed 
i 
| 








*Cases in which scleral resection only was done without an additional injection or “ flap” operation. 
_ tIncluding eight cases in which scleral resection was done with an additional injection or “ flap” operation, or 
in which the resection was primarily a barrage operation. 


Grateful acknowledgements are made to Miss Joy Trotman and Miss Archer for the fundus 
paintings, to the Department of Medical Illustration at the Institute of Ophthalmology, London, 
for the reproductions, to Dr. S. Elbogen for his help with German translations, and to the Editors 
of the Proceedings of the Royal Society of Medicine and of the Transactions of the Ophthalmological 
Society of Australia (B.M.A.) for permission to quote cases and show illustratious published in 
these journals. 
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CORRESPONDENCE BETWEEN VISUAL ACUITY, 
REFRACTIVE ERROR, AND THE SPEED OF 
VISUAL PERCEPTION* 


BY 


THOMAS H. EAMES 
School of Education, Boston University, U.S.A. 


CORRECTION of refraction is usually expected to improve not only visual 
acuity but also the speed of visual perception, at least to the physiologic 
maximum for the particular individual. A previous study (Eames, 1949) has 
shown a generally increasing frequency of cases exhibiting increase in visual 
perception speed at successively higher dioptric levels, after correction of both 
hypermetropic and myopic errors. It also showed a decrease in the speed of 
visual perception after correction in an appreciable percentage of cases, 
particularly among the myopic group. The present study is intended as a 
step toward further understanding of the relationship of visual acuity, 
refractive error, and the speed of visual perception. 

The speed of visual perception was measured tachistoscopically with 
projected pictures of common objects shown at the reading distance, before 
and after correction of refraction in school children between the ages of 
6 and 17. The results were correlated with visual acuity and with the amount 
of refractive error by means of the Spearman rank-difference-squared 
method (see Table). 























TABLE 
asian > | Before — of After ve oe en of | 
oefficients o Refraction Refraction : 
Correlation _Reree el Se i — Emmetropic 
| Hypermetropic | Myopic | Hypermetropic | Myopic 
a : ic 
Between speed of visual | | 
perception and visual | | | 
acuity ... is see 0.89 |} O82 | 0.90 | 0.85 0.93 
Between speed of visual | | | | 
perception and refrac- | | | 
tive error as 0.29 | O59. | 0.94 0.95 0.96 
Number of Cases ... | 28 oe ae 28 8 | 10 





A high positive correlation was found between the speed of visual perception 
and visual acuity, both before and after correction of refraction in both 
hypermetropic and myopic groups. It was noted that the coefficient of 
correlation in the myopic cases was somewhat lower after correction, probably 
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because the tachistoscopic tests were made at the reading distance. This 
appears to parallel the previous finding that a rather larger frequency of 
myopic cases exhibited decrease in the speed of visual perception after glasses 
had been provided. It is not unusual to observe myopic pupils who prefer 
to do book and desk work without their glasses, probably because they find 
it easier to read at the myopic punctum proximum than to accommodate. No 
doubt this becomes habitual in many cases. 

The correspondence between the speed of visual perception and refractive 
error was positive in all cases, but the hypermetropic group showed a lower 
coefficient of correlation than the myopic, which seems likely to result from 
the accommodative compensation which is common among hypermetropic 
children. It was possible to correlate refractive error with the speed of visual 
perception after correction of the error, by ranking the refractive values 
of corrected cases as the mean of the ranks which would have been assigned 
if the measurement values had been consecutive instead of the same. When 
handled in this way, both the hypermetropic and myopic groups presented 
high and almost equal positive correlative values. The same method was 
applied to a group with no refractive error (emmetropic pupils), with the 
result that a high positive correlation was found which was close to that 
obtained after correction of refractive error in the other groups. The 
emmetropic group was also studied as to the correspondence between visual 
acuity and the speed of visual perception, and a high positive relationship 
was disclosed. This value was closer to that of the hypermetropic group 
after correction than to that of the myopic group. 

This study tends to confirm the assumption that there is a high degree 
of correspondence between visual acuity and the speed of visual perception 
in the hypermetropic, myopic, and emmetropic groups. 

The following tendencies also appear: 

(a) The correspondence, though still high, is less after correction of myopia, 
when the measurements of the speed of visual perception are made at the 
reading distance. 


(b) The correspondence between the speed of visual perception and re- 
fractive error is positive but low among the hypermetropic, but positive 
and significant among the myopic before correction. Both appear to 
approximate to the relationship of the emmetropic after errors have been 
corrected, and this is also the case with the correspondence between speed 
of visual perception and visual acuity. 


REFERENCE 
Eames, T. H. (1949). J. educ. Res., 42, 534. 
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CASE NOTES 


UNUSUAL APPEARANCE IN A CASE OF EALES’S 
DISEASE* 


BY 


A. G. CROSS anp D. P. CHOYCE 
London 


SUBLUXATION of the lens of the eye may occur as a congenital abnormality 
and may be due to trauma; it is not often due to other causes. 


Case Report 


Male aged 27 years, crane driver, admitted to the Moorfields Unit for ocular tuberculosis 
at the Whiteoak Hospital, Swanley, on December 1, 1951, with a history indicating 
vitreous haemorrhages in both eyes during 4 months. 

On admission there were extensive vitreous opacities—more marked in the left eye. 
A good red reflex was present in the right eye and a dull red reflex in the left. A retinal 
detachment seemed to be present at 5 o’clock in the left eye. The family history showed no 
evidence of tuberculosis and no signs of tuberculosis were found in the patient. No other 
cause for the haemorrhages was found. Inflammatory signs in the anterior segments have 
never been present and the eyes have never been painful. 

Progress was disappointing. Periods of slight clearing of the vitreous in both eyes 





FIGURE. 
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were followed by fresh haemorrhages. Organization of the left vitreous could be seen 
but the light projection remained fairly accurate in both eyes. It was noticed on July 30, 
1952, that the left anterior chamber had become much deeper than the right and that the 
pupil was very fully dilated, its normal blue colour being replaced by the brown of the 
pigmented posterior epithelium of the iris. The lens remained clear but had been displaced 
backwards and upwards, so that the fibres of the zonule could be clearly made out below. 
The greenish mass of organized fibrous tissue in the vitreous came forward to the back of 
the lens. New vessels could be seen on the anterior aspect of this mass, and the circulation 
of corpuscles within them could be made out with the slit lamp. 

The tension of the eye was normal. The vision was reduced to bare perception of light 
with no projection. These changes had all occurred within 3 days, and 4 months later the 
appearance of the eye was nearly the same, though possibly the lens had been drawn further 
up and the iris had been retracted further superiorly so that it could not be discerned 
without the gonioscope. The appearance of the left eye at this time is shown by the accom- 
panying Figure. After a further 2 months had passed, extensive ciliary staphylomata 
developed superiorly from 3 to 9 o’clock. The condition of the right eye remained 
unchanged throughout. 


Discussion 


Massive organization had occurred in the vitreous of the left eye of this 
patient and the new fibrous scar tissue had come forward to the back of the 
lens and the ciliary body. Its contraction probably caused the backward 
and upward subluxation of the lens. It is difficult to account for the appear- 
ance of the posterior surface of the iris in the pupillary area. The ciliary 
body has apparently been detached from the scleral spur and drawn back- 
wards. The root of the iris would be drawn back with it, in such a way 
perhaps, as to present the posterior surface to the front, as seen here. The 
mechanism by which the ciliary staphylomata were formed is also obscure. 
The tension of the eye has never been raised to digital examination and there 
has never been corneal oedema. Inflammatory signs have never been present. 
Perhaps the degenerative changes of retinitis proliferans spread to and weak- 
ened the sclera in this case, so that the normal intra-ocular pressure sufficed 
to produce extensive staphylomata. Excision is not justifiable because, 
although almost blind, the eye is neither painful nor dangerous, and histo- 
logical examination must therefore be delayed. It is possible that such an 
eye might be excised for suspected neoplasm, as has been emphasized by 
Neame (1923). 

We are indebted to the Medical Illustration Department of the Institute of Ophthalmology for 
the painting. 

REFERENCE 
NEAME, H. (1923). Trans. ophthal. Soc. U.K., 43, 296. 
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APPLIANCE 


INFRA-RED IMAGE CONVERTER IN ROD SCOTOMETRY* 
BY 


M. F. P. MARSHALL 
Central Medical Establishment, Royal Air Force 


How frequently has one wished one could see in the dark? In ophthalmic 
practice it is often desired to observe a patient performing tests in the dark 
without affecting the night vision or introducing a reference point of visible 
light. These difficulties can be overcome by the use of an infra-red image 
converter. 


Apparatus 

The converter consists essentially of a source of infra-red light. In the instrument 
used in this experiment it was a car head-lamp with an infra-red filter in front, and an 
electronic device to convert these rays when reflected off the object into an image “ painted ”’ 
on a small fluorescent screen. A telescope can be incorporated to give a magnified image. 

With this apparatus it is possible to see very small eye movements while the patient is 
quite unaware of any light falling on his eyes. The only sensation experienced by the 
patient is a feeling of warmth on the face. 
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Ficure.—Diagram of arrangement of apparatus. 
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When undertaking rod scotometry using a Livingston Night Vision Screen with self- 
luminous test object, it is essential to ensure that the patient maintains fixation on the 
central target without introducing any other source of retinal stimulation. 


Application 


Two particularly difficult cases were examined by this technique, and the 
visual fields were plotted by Squadron-Officer Gwilt (orthoptist to the 
Royal Air Force) whilst they were being observed by the author. 

The patients were children suffering from Little’s disease who had under- 
gone hemispherectomy operations. Their intelligence was slightly impaired 
and because of their physical deformity it was extremely difficult to maintain 
their interest and co-operation. 

The observer sat alongside the Livingston screen on the opposite side to the 
examiner, and from this vantage point he could see the patient’s eye move- 
ments clearly through the converter. By reporting to the examiner when the 
patient was looking away from the screen, or was following the test object, 
inaccurate plots could be avoided. It was found that when it was pointed 
out to the patient that he was looking off-centre, he would renew his concen- 
tration and maintain his fixation. Similarly, false readings due to deliberate 
cheating could be checked. 

I wish to thank the Director-General of Medical Services and Air Commodore J. C. Neely for 


permission to publish this report, and Mr. Keith Lyle for referring the cases to the department. 
I am indebted to the R.A.F. Institute of Aviation Medicine for the loan of the infra-red image 


converter. 
REFERENCES 


Cooper, H. J. (1948). ‘* Scientific Instruments,” vol. 2, ch. 4. Hutchinson, London. 
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BOOK REVIEW 


The Ames Demonstrations in Perception. By WILLIAM H. ITTELSON. 1952. Pp. 88, 
78 illus. Princeton University Press, Princeton, N.J.; Cumberlege, London. 25s. 


Robert Louis Stevenson, in an essay on Talk and Talkers, uses the phrase “ flies of 
obvious error in the amber of truth”’, and such a phrase would seem to sum up this book, 
since it is bound in amber paper and contains a series of twenty experiments designed to 
show that things are not always what they seem. 

Some of these experiments are complex and difficult to describe without the accom- 
panying figures; a simple one, however, is the radial motion demonstration. In this, an 
illuminated white square whose size can be varied is mounted on a black background, 
and observed monocularly as it is moved forwards and backwards through a distance of 
6 ft. ina darkened room. Different effects can be produced according to the relationship 
between the movement and the size of the square and it is possible—among other effects 
—to produce the illusion that the square is motionless when it is actually coming towards 
the observer. 

Each demonstration is fully described and is accompanied by scale drawings to show 
how the apparatus for producing it is made. After reading the descriptions, one is left 
with the hope that some enterprising physiologist with a taste for carpentry will be 
tempted into making at any rate some of the models, because they show in convincing 
fashion the bases of visua) judgment. One of these models, the “leaf room”, which was 
demonstrated at the 1950 International Congress, showed the distortion produced by 
aniseikonic lenses. 


‘NOTES 


XVII] INTERNATIONAL CONGRESS OF OPHTHALMOLOGY 


THE XYII Internationa) Congress of Ophthalmology will take place at the Waldorf- 
Astoria Hotel in New York City, September 12 to 17, 1954. Dr. Bernard Samuels 
(New York) is President, Dr. John H. Dunnington (New York) Vice-president, Dr. 
William L. Benedict (Rochester, Minnesota) Secretary-General, and Dr. Derrick Vail 
(Chicago) Chairman of the Executive Committee. 


The chief topics for discussion are: 


Primary Glaucoma: 
Aetiology and General Considerations, Dr. Derrick Vail (Chicago, U.S.A.). 
Medical Treatment, Dr. R. Thiel (Frankfurt am Main, Germany). 
Surgical Treatment, Dr. G. P. Sourdille (Nantes, France). 
Aetiology of Uveitis: 
General Considerations, Dr. Alan C. Woods (Baltimore, U.S.A.). 
Allergic Factors, Dr. Norman Ashton (London, England). 
The Role of Viruses, Dr. V. Cavara (Rome, Italy). 


A number of voluntary papers on subjects of the authors’ own choice will also be 
given. English, French, and Spanish are the administrative languages of the Congress 
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but papers may be read in any language. Original papers should be sent to the Secretary 
General not later than January 1, 1954. As the number of papers submitted may be 
greater than can be accommodated, the Committee on Scientific Programme reserves the 
right of selection. . 

A programme of motion pictures will be a prominent feature of the Congress. The 
most approved techniques of the diagnosis and treatment of ocular disease will be 
demonstrated, as well as modern methods of audio-visual instruction by means of 
electronic instruments of projection, radio, and television. There will be large scientific 
and technical exhibits in the various assembly rooms of the hotel. 

All qualified medical practitioners are eligible to attend the Congress. Individuals who 
are not medical practitioners but who are engaged in scientific work in a field allied to 
ophthalmology may register as associate scientific members, and relatives and friends of 
members may attend as associate members. The schedule of registration fees, as 
determined by the International Council, is as follows: 

Full members from North American countries, $25; from non-North American countries, $15. 


Associate scientific members from North American countries, $10; from non-North American 
countries, $5. 


Associate members from North American countries, $10; from non-North American 
countries, $5. 

The American Express Company has been appointed official travel agent for the 
Congress and will offer assistance in securing travel reservations and accommodation. 
To help in securing hotel accommodation a special Housing Bureau has been 
established, and arrangements have also been made for low-cost accommodation 
in the Residence Halls of Columbia University. 


William L. Benedict (Secretary-General), 


100, First Avenue Building, Rochester, Minn., U.S.A. 
March, 1953. 


ALL INDIA OPHTHALMOLOGICAL SOCIETY 
ADENWALLA ORATION 


THE Medal for the Adenwalla Oration was awarded to Dr. E. V. Srinivasan at the 14th 
Session of the All India Ophthalmological Society at Poona on March 3, 1953. 





OBITUARY 


JOHN ALEXANDER MACMILLAN 


ALL our readers will be distressed to learn of the sudden death at the age of 67 of John 
Alexander MacMillan. His life was marked by great achievement both in the further- 
ance of ophthalmology and in building up a host of friendships not only in Canada but 
also among his colleagues all over the world. He graduated from McGill University 
in 1906, took his post-graduate training in ophthalmology at the Manhattan Eye and 
Ear Infirmary in New York and, after spending a considerable time studying in London, 
Germany, and Austria, returned to his home in Montreal where he spent the remainder 
of his professional life. In 1914 he joined the R.A.M.C., and he served overseas in the 
3rd Canadian General Hospital, becoming Consultant in Ophthalmology to the 
Corps. In 1940 he became Ophthalmologist-in-Chief to the Royal Victoria Hospital in 
Montreal, and in 1941, Professor of Ophthalmology at McGill University. 

His life was indeed a full one. An accomplished surgeon and an unusually good 
teacher, he conducted a large private practice with singular success, and at the same 
time added considerably to the clinical advancement of his specialty and took much 
interest in its social and academic aspects; he was, for example, elected a Fellow of the 
American Society of Ophthalmology, a President of the Canadian Ophthalmological 
Society, and Vice-President of the Pan-American Congress of Ophthalmology. But 
greater than these, his rare spiritual qualities and his kindly sympathy, expressed with 
a characteristic natural humility and charm, will make him live long in the memories of 
those who were privileged to know him. 


KARL WESSELY 


Our readers will be sad to learn of the recent death of Karl Wessely, one of the foremost 
ophthalmologists of the last generation and of this. A student in Berlin and Heidelberg, 
he became Professor of Ophthalmology in Munich, where, apart from a temporary 
expulsion because the Nazi government disliked a partially Jewish ancestry, he lived and 
worked until his death. His original researches covered most aspects of ophthalmology, 
from his early classical work on the fundamental question of the intra-ocular pressure which 
was done contemporaneously with that of Starling and Henderson in Great Britain, to 
his last great contribution in editing the eleventh volume—on the eye—of Henke and 
Lubarsch’s Handbuch der speziellen pathologischen Anatomie und Histologie (1928-37). 
A great clinician and a great surgeon, and one of the most modest and delightful of men, 
he died fully honoured and appreciated not only in his own country but throughout 
the world. 


WE regret to announce the death of Mr. Alexander Bruce Roxburgh, F.R.CS., 
consulting ophthalmic surgeon to the London Hospital, who died at his home, Locks 
Heath, Hants, on March 17, 1953. An obituary notice will appear in the next issue 
of this Journal. 





